4 
> 
‘ 


7 | 
| 
3 


CONTENTS 


Contributions of Veterinary Research to the American People (Editorial by John R. 


The Cultural and Biochemic Properties of Erysipelothrix Rhusiopathiae—A. G. Karlson 


Microscopic Detection cf Mastitis—Seymour 1] 


Studies on Bovine Mastitis. Mastitis in Heifers—-C. C. Palmer, J. C. Kakavas and 


An Outbreak of Bovine Pseudorabies, or “Mad Itch”—C. C. Morrill and Robert Graham.. 35 


Standardization of Stained Brucella Abortus Antigen for the Whole-Blood Test—Hadleigh 


Experimental Work upon Recent Outbreaks of Abortion in Ewes—A. M. Lee and L, H. 


Methods of Evaluating the Efficacy of Anthelmintics—Henry E. Moskey and Paul D. 


Vitamin A Deficiency in Horses—C. E. Howell, G. H. Hart and N. R. Ittner............. 60 
Swine Erysipelas, The Agglutination Test for Its Diagnosis, and a Report on a Study of 

Arthritis in Swine—C, G. Grey, O. L. Osteen and H. W. Schoening................... 74 
The Relative Efficiencies of Disinfectants in Killing Erysipelothrix Rhusiopathiae—Ernest 

Laboratory Tests of the Potency of Antirabic Vaccines—Ralph W. G. Wyckoff............ 84 
Congenital Defect of the Interventricular Septum, Aortic Regurgitation and Probable 

Heart Block in a Dog—M. Lev, F. Neuwelt and H. Necheles........................ 9] 
\ Comparison of Flotation Solutions in the Detection of Parasite Ova in Feces—F. R. 

Suceessful Chemotherapy of a Virus Disease of the Canary—Frederick Coulston and 

Use of Tin Preparations for the Treatment of Chickens Experimentally Infected with 

Tapeworms—James E. Guthrie and Paul D. Harwood....................0...00000-- 108 
lentative Pathologic Nomenclature (for Fowl Leucemia ete.) 116 


The Use of Trypaflavin in the Infusion Therapy for Streptocoecie Mastitis—O. W. Schalm 117 


olor Photography and Its Application to Veterinary Medicine—Norman M. Nelson..... 


| 

126 
(1) 


The American Journal of Veterinary 
Research is published quarterly by the 
American Veterinary Medical Association, 
600 8S. Michigan Ave., Chicago, Ill. 


Editorial Statf 


L. A. MERILLAT and JOHN G. HARDENBERGH, Editors 
J. J. SHAFFER, Assistant to the Editors 


Committee on Journal 


A. E. WIGHT, I. E. NEWSOM, H. W. JAKEMAN 


Published quarterly at 600 S. Michigan Ave., Chicago, Ill., by the American Veterinary Medical Association. Entry as Second -Class 
Matter applied for at the Post Office at Chicago, Illinois, under the Act of March 3, 1879. Subscription price: $4.00 per year for ‘United 


States and countries affiliated with the Pan American Postal Union; foreign countries, $4.30. Members of the American Vet 
Medical Association may subscribe to the American Journal of Veterinary Research for $2.50 per year added to the annual dues of $5.00. 
Single copies $1.25. Address all correspondence to American Veterinary Medical Association, 


(2) 


diggs 
| 


.merican Journal of Veterinary Research 


VOL. Il 


JANUARY 1941 


NO. 2 


Contributions of Veterinary Research 
to the American People 


THE ESTABLISHMENT of the American 
Journal of Veterinary Research has much 
the same significance as laying the corner- 
stone of a new structure devoted to profes- 
sional and public service. And to editorial- 
ize on such an event has much in common 
with the dedicatory remarks on such an 
occasion. The foundations of veterinary 
research are already broad and deep and 
enduring. We now prepare to extend them, 
looking toward future needs. 

The contributions of veterinary research 
to the American people may be said to be 
four-square in the sense that they group 
themselves naturally into four main groups. 
These are: 1) benefits that accrue largely 
to the veterinary profession and to the 
animals served by veterinarians; 2) con- 
tributions having application in human 
medicine and exerting a far-reaching, bene- 
ficial influence on human health; 3) dis- 
coveries of benefit to industries, notably 
the meat and dairy industries and the pro- 
duction of biological products and disinfec- 
tants; 4) substantial contributions to 
statesmanship with special reference to 
sound state and national policies on live- 
stock sanitary problems. Consideration of 
thse four fields of influence shows why the 
ve erinary profession, though small numer- 
in comparison with other learned 
g! ups, has had so great a bearing on na- 
tictal welfare. 

s a timely illustration, the U. S. De- 
pa ‘ment of Agriculture has just an- 
nc aced the practical eradication of bovine 
tu reulosis from every county and every 
st in the United States. This achieve- 
me ¢ marks the culmination of 23 years of 
dil -ent, courageous effort. It affects the 
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health of man and beast, the products of 
industry, and the exchange of commodities 
among states and nations. The bovine 
tuberculosis project is notable for the vast 
scale of its operations and the necessary 
effective codrdination of man power, sup- 
plies, finances and records. The application 
of more than 232 million tuberculin tests 
and the removal of nearly 4 million re- 
actors are spectacular results. Yet behind 
the great field organization was a small 
group of laboratory workers diligently pro- 
ducing the pure and potent tuberculin so 
essential for the successful conduct of the 
project, and while so engaged these work- 
ers were able to improve and refine the 
product, making the so-called new tuber- 
culin, grown on a synthetic medium, about 
10 per cent more efficient than the former 
type. 

This example illustrates the intrinsic 
worth of research in the world today. Far 
from being a recluse, as so often consid- 
ered, the research worker is actually the 
pioneer, blazing a trail for new develop- 
ments in agriculture and industry. And 
though seeming to.lack enduring substance, 
research materials such as tissues, chem- 
icals, apparatus and manuscripts combine 
to form a sound and durable foundation on 
which some 12,000 veterinarians may base 
their daily work. Each number of the 
American Journal of Veterinary Research 
may be considered as providing additional 
foundation units. 

I trust that authors of research papers, 
in presenting their findings, will visualize 
the varied interests to be reached. In mak- 
ing this observation I have in mind the 
constructive interpretations of veteran re- 
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search workers who associated their efforts 
with related practical applications. Smith, 
Kilbourne and Curtice, for instance, in their 
classical research on tick fever conducted 
field surveys and traveled extensively. 
Thus they were able to develop pro- 
cedures leading to successful tick eradica- 
tion. Dalrymple and Butler, in fostering 
livestock production in the South, empha- 
sized the nutritive value of various agri- 
cultural by-products, thereby associating 
economical farm practices with veterinary 
phases of livestock production. Ransom and 
Hall pictured dramatically in professional 
papers, as well as in their popular writings, 
the far-reaching benefits of parasite control. 
Dorset and associates, besides developing 
anti-hog-cholera serum, sought constantly 
to improve methods of administering the 
product in the interests of still more 
effective mastery over hog cholera. Hud- 
dleson, Fitch, Schroeder, Cotton, Buck, 


Barnes and others in their researches on 
Bang’s disease were responding to the ap. 
peals of cattlemen who looked to technica] 
institutions for relief from the ravages 
of this dangerous infection. Oftentimes 
also a discovery within a limited field has 
far-reaching benefits when potential broad 
applications are discovered and pointed out. 
Recent research on phenothiazine as an 
anthelmintic is a case in point. 

These examples, of course, are merely a 
few fruits of veterinary research among 
others legion in number. With this back- 
ground of past attainment, veterinary re- 
search workers have much to inspire and 
guide them. I am confident that the pages 
of this new journal will provide a valuable, 
needed medium for extending promptly the 
usefulness of new knowledge in veterinary 


science. 
JOHN R. MOHLER, 


Chief, Bureau of Animal Industry, 
U. S. Department of Agriculture. 
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The Cultural and Biochemic Properties of Erysipelothrix 
Rhusiopathiae™ 


A. G, KARLSON, + B.S., D.V.M., M.S., and I. A. MERCHANT,}{ D.V.M., M.S., Ph.D., C.P.H. 


SWINE ERYSIPELAS, long a serious disease 

Europe, has become of importance in 
North America only within the last decade. 
The increasing number of reports appear- 

r in the literature of this country indi- 
cate that infection with Erysipelothriz 
rhusiopathiae is quite widespread. The dis- 
ease is not confined to swine, but has been 
observed in sheep and poultry as well. In- 
fection with this microédrganism in man 
has been reported a number of times in the 
United States. 

Because of the increasing importance of 
swine erysipelas, it was thought expedient 
to learn more about the cultural and bio- 
chemic characteristics of the _ etiologic 
agent. A search of the literature revealed 
that little work has been done in America 
with regard to the bacterictogy of the dis- 
ease. European literature contains many 
reports of studies on E. rhusiopatkgze, but 
the results are varied and controversial. 
This is especially true of the fermentation 
reactions upon which most laboratories de- 
pend for differential diagnosis. 


REVIEW OF LITERATURE 


Pasteur’ described rather meagerly a slender 
bacillus isolated from cases of swine erysipelas. 
Pasteur and Thuillier®? used this culture to 
demonstrate, for the first time, the method of 
artificial immunization through means of live 
bacteria attenuated by animal passage. They 
were able to protect swine against spontaneous 
infections by injecting cultures of a strain that 
ha’ been passed through rabbits. 

he first accurate description of the swine- 
erysipelas bacillus was given by Loeffler. He 
cu ‘ivated a slender, short, straight or bent rod 
fron swine showing clinical symptoms of the 
di--ase. He found that his cultures would pro- 
d true swine erysipelas. Mice injected with 
th organism showed the symptoms and path- 
0. y of mouse septicemia. Gelatin-stab cul- 
u showed the typical test-tube brush growth 
w> -h had been described for the mouse-septi- 
iper No. 1846, journal series, Minnesota Agri- 
al Experiment Station. 
vision of Veterinary Medicine, Department of 
A ilture, University of Minnesota, St. Paul, Minn. 
partment of Veterinary Hygiene, Iowa State 
‘ e, Ames, Iowa. 


cemia bacillus. Loeffler called attention several 
times to the close similarity between the micro- 
érganism of swine erysipelas and that of mouse 
septicemia described by Koch‘ and by Léffler.’ 

Salmon," in this country, reported that the 
vaccine of Pasteur and Thuillier was not a pure 
culture of the swine-erysipelas bacillus. Salmon 
mentioned the similarity between the mouse- 
septicemia bacillus and the microérganism of 
swine erysipelas. Moore’ isolated the mouse- 
septicemia bacillus in this country from a pig 
which had lesions of an acute septicemia. His 
cultures were composed of short, slender, Gram- 
positive rods with an occasional long filament- 
ous form. Gelatin-stab cultures showed the 
typical test-tube brush growth described by 
previous authors. Smith*® described rather com- 
pletely a similar microérganism from an out- 
break of an acute disease of swine in Minne- 
sota. Small Gram-positive rods and long fila- 
ments were seen in all cultures. In gelatin a 
radiating growth resembling a small brush was 
seen. Tiny transparent colonies developed on 
solid medium. The fermentation reactions of 
this culture were variable, but usually dextrose 
and lactose broths became acid. Smith con- 
cluded that this microérganism was closely 
related to or identical with the bacillus of 
swine erysipelas. 

Rosenbach® discussed the causes of erysipe- 
loid in man, swine erysipelas and mouse septi- 
cemia. On the basis of morphologic and cul- 
tural characteristics he concluded that the 
three etiologic agents were closely related. He 
referred to them as E. erysipeloide, E. porci, 
and E. murisepticus. Many investigators—Prett- 
ner,” Rickman,"' Rahm,” Zibert,"’ and Zosel' 
—have been unable to find means of differentiat- 
ing the three species of Rosenbach. Poels,” 
Eber,” Meyn,"* Schmidt,"" Marsh,” Beaudette and 
Hudson,” Klauder and Harkins,” and Van 
Roekel, Bullis, and Clarke® have studied the 
relationships of the microérganisms isolated 
from humans, sheep, chickens, turkeys and 
swine without being able to show any signifi- 
cant differences between strains. 

Klauder, Righter, and Harkins*™ have isolated 
bacteria with cultural and morphologic char- 
acteristics of the swine-erysipelas bacillus from 
cases of erysipeloid in fish handlers. Kondo 
and Sugimura™ have been able to demonstrate 
the presence of these microérganisms on the 
body surface of salt-water fish, houseflies, and 
in putrefying horse flesh. On the basis of cul- 
tural and serologic studies they concluded that 
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the strains were identical to a known E. rhusio- 
pathiae culture. 

The literature concerning the differential 
characters of FE. rhusiopathiae is brief, and the 
reports of individual investigators are varied. 
Schipp*” reported that swine-erysipelas bacilli 
ferment dextrose and lactose, but not sucrose. 
He stated that Endo’s agar, neutral red agar, 
and Drigalski’s medium show no change in 48 
hours. TenBroeck*:* reported that his cul- 
tures showed no reaction on xylose, dulcitol, 
maltose, mannitol, saccharose, inulin, salicin, 
dextrin, starch or glycerol. He suggested that 
the positive reaction on arabinose may be due 
tov impurities. TenBroeck used heat-sterilized 
media for his fermentation studies. He found 
negative tests for indol, ammonia and phenol 
formation. Hydrogen sulfide tests were read- 
ily positive and hemolysis could be observed 
around deep colonies. Creech* reported that 
cultures isolated from cases of swine erysipelas 
produced no change in milk or potato and were 
indol negative. Dextrose, levulose and lactose 
were fermented with acid but no gas. Arabi- 
nose, dulcitol, galactose, inulin, maltose, man- 
nite, raffinose, sucrose, salicin and xylose were 
all negative for acid and gas. Tests for hydro- 
gen sulfide formation were negative. 

Zibert,” using serumized broth, reported acid 
formation from dextrose, lactose, maltose and 
galactose with slight acid formation on sucrose, 
levulose, arabinose, mannose, dulcitol and man- 
nitol. Meyn” reported essentially the same 
reactions using serumized broth. Baker” re- 
ported that E. rhusiopathiae gives no reaction 
in any fermentable media. Deem and Wil- 
liams“ and Beaudette and Hudson” have also 
studied the fermentation reactions of this 
group. They report acid formation from dex- 
trose, lactose, levulose and galactose, and vari- 
able results on xylose and arabinose. The 
former authors found a variable reaction on 
mannose. More recently Van Roekel, Bullis, 
and Clarke” have reported that arabinose is 
not fermented and that the reaction on xylose 
and mannose is variable. Giltner,™ Cornell and 
Glover,” and Wayson*™ report positive reactions 
on maltose whereas most workers report that 
no change is produced. Stiles and Davis* have 
made limited studies and report that only dex- 
trose, lactose, levulose and galactose are at- 
tacked with the formation of acid. 

Morrill isolated the swine-erysipelas micro- 
érganism from cases of erysipeloid in veter- 
inary students and from the equine cadaver 
which they had been dissecting. These strains 
are reported to produce acid in dextrose, lac- 
tose and sucrose. Rosenwald and Dickinson” 
report that four strains isolated from turkeys 
acidified broth containing dextrose, galactose, 
lactose and levulose. One strain also showed 
acid formation in xylose. Lead-acetate medium 
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was not blackened and only one strain redu eq 
nitrates. In a study of 43 strains Watts* 
ported that all strains produced acid in 
cose, maltose, lactose, levulose, starch and : 
trin, and that some gave acid reactions 
arabinose, dulcitol, glycerol, inulin, mann 
sucrose, xylose and inositol. Barber® repori 
that only dextrose, lactose, galactose and ley 
lose were fermented with the production 
acid. 

From this short review it is evident that at 
present no agreement exists concerning the 
reactions produced by rhusiopathiae on 
ferential media. This is especially true of the 
fermentation reactions. In most cases the 
method of preparing the medium is not given 
so that discrepancies can not be explained. 
TenBroeck,” “ while studying the swine-ery- 
sipelas bacilli, found that when serumized 
broth was used, positive reactions were ob- 
tained in maltose, dextrin, starch and sucrose, 
but when serum was not used, acid was not 
produced from these carbohydrates. He thought 
that enzymes in the unheated serum might be 
responsible for the false positive tests. New- 
som and Cross” observed that heat sterilization 
would alter carbohydrates enough to be a 
source of error in fermentation studies. 

Stuart" studied the hemolytic properties of 
the swine-erysipelas bacilli and reported that 
all strains produce a zone of green hemolysis 


around deep colonies due to the formation of 


hydrogen peroxide. He also studied the stain- 
ing qualities of these bacilli and found that 
they decolorized with ease and that some 
strains were definitely Gram negative. This is 
in contrast to the report of Edwards,” who 
recorded that the swine-erysipelas bacillus is 
one of the most difficult of all Gram-positive 
bacteria to decolorize. 

Variations in morphology and colony forma- 
tion have been reported by tsany workers. 
Gustine,” Wyschelesky,"' Meyn,” Redlich,® and 
Schoening, Gochenour and Grey“ have shown 
that both short, slender rods and long, fila- 
mentous forms may be seen in cultures of E£. 
rhusiopathiae. They report that colonies of 
two types may be seen on solid media. The 
so-called smooth colony is small, round and 
regular in outline with a smooth convex sul: 
face whereas the so-called rough colony is 
larger, irregular in outline, flat and with a 
rough surface. Sabella“ reported the forma ion 
of involution forms when cultured in the pres 
ence of saponin. These were clubbed, coccoid, 
filamentous or spindle-shaped. 

Kettlitz* found that growth occurred 4 
range of hydrogen-ion concentration from pH 
7.2 to pH 8.4 with pH 7.6 to pH 8.0 as opti ual. 
Alphen® reported that a reaction giving a? 
orange color with phenol red was the pr per 
one for maximum growth of the swine ery 
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las bacillus and that it was very sensitive 
hanges in the reaction of the medium. 


PERIMENTAL PROCEDURE 


‘ultures.—This report is based on 60 dif- 
‘ent strains obtained from various labo- 
tories in this country. Fifty-four strains 
re isolated from swine. Some of these 
| been propagated on artificial media for 
me years while others were of quite re- 
nt isolation. Four strains were isolated 
m turkeys and two from arthritis in 
neep. 


Vedium.—The basal medium used was 
meat infusion made from either lean 
beef or horse meat as follows: 


Proteose peptone (bacto).......... 20 Gm. 


The infusion is made by placing 500 Gm. 
of ground meat with 500 cc. of distilled 
water overnight in the refrigerator. The 
mixture is then heated to 50° C. and 
pressed through cheesecloth, after which 
the fat is skimmed off. The other ingred- 
ients are dissolved in the water, heated to 
50° C. and added to the infusion. The pH 
adjustment is made at pH 7.6 and the mix- 
ture is autoclaved for one hour at 120° C. 
The clot which forms is separated by filtra- 
tion through cloth and the medium is then 
placed in flasks and sterilized. Before use 
the agar is melted and cooled and 10 per 
cent sterile horse serum is added before 
pouring into sterile tubes or plates. Broth 
of the same composition is made by omit- 
ting the agar. Nutrient gelatin is prepared 
by adding 12 per cent gelatin to the broth. 

fermentation studies serum was 
om tted from the broth. Sterilization was 
acomplished by dissolving the carbohy- 
dr:es and alcohols in cold, sterile broth 
col aining 1 per cent Andrade’s indicator 
an filtering through Seitz or Berkefeld 
filt« 


RE JLTs 


rphology and Staining.—The morph- 
ol of the bacterial cells varied a great 
de When freshly isolated from mice, all 
str. as formed colonies of the smooth type. 


The short, slender rods were straight, 
curved or comma-shaped. Paired cells 
were often noted. In young, actively grow- 
ing cultures a characteristic arrangement 
of two straight rods forming an angle was 
observed. The short rods measured from 
1 to 2 » in length. Cultures that were re- 
peatedly transferred showed a mixture of 
short rods and long, filamentous forms 
measuring 4 to 15 yw. Occasionally the 
long threads were bent and twisted into a 
mass resembling a mycelium. Branching 
was never observed. 

The cells gradually lost their Gram-stain- 
ing characteristic when cultured longer 
than six days. Many Gram-negative rods 
and filaments could then be seen. Beading 
of the larger forms could be observed by 
using Weigert’s stain. The beaded appear- 
ance was more pronounced in cultures from 
broth than in those from a solid medium. 
In tissue or blood smears stained with 
Weigert’s gentian violet the microérgan- 
isms could be readily detected singly or, 
more often, in groups of five to 50. Occa- 
sionally they were present in the phago- 
cytes of the blood. In tissue or blood the 
bacterial cells were short, straight or 
curved rods. No metachromatic granules 
could be demonstrated. The strains studied 
were non-acid fast, non-spore-forming, and 
non-motile. 

Cultural.—When tissue or blood of an 
infected animal was cultured, tiny round, 
shiny, transparent colonies about 1 mm. in 
diameter developed in 24 hours. They be- 
came opaque and gray in 48 hours, but 
did not increase in size. These smooth col- 
onies were composed of short, slender rods. 
After repeated transfers the growth be- 
came visible in twelve hours as a light gray 
film. In 24 hours the growth was opaque, 
shiny and moist with a rough surface. The 
longer filamentous type of bacterial cell was 
found in this type of growth. 

In serumized broth a faint turbidity de- 
veloped in twelve hours which increased up 
to 24 hours. No pellicle was formed. A 
fine, gray sediment formed in 72 hours. 
The suspension in broth was quite stable. 
Cultures stood for 21 days with no clearing 
of the broth. Transfers made to broth 
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from rough colonies resulted in the for- 
mation of more sediment. 

In gelatin-stab cultures incubated at 20° 
C., all strains developed the test-tube brush 
growth in 48 hours. In 24 hours colonies 
were seen along the needle track. These 
became larger and developed radiations 
from the center. After five days the growth 
reached the test-tube wall and on further 
incubation the typical appearance was lost. 
No liquefaction occurred in 21 days. 

Surface colonies grew rapidly on blood- 
agar plates. In 24 hours the colonies were 
small, gray, round and firmly adherent to 
the medium. A narrow green zone of hem- 
olysis developed around deep colonies in 
24 hours. Complete hemolysis was not ob- 
served. No growth was visible on potato 
in 14 days. 

Biochemic Characteristics.—No change 
in litmus milk was observed for four days 
On the fifth day two cultures, one of swine 
origin and the other from a sheep, showed 
a slightly acid reaction. On the seventh 
day four more litmus milk cultures showed 
an acid reaction. Two of these were from 
swine and two from turkeys. Tests for 
indol formation, nitrate reduction, catalase 
formation, and methylene blue reduction 
were negative after four days of incuba- 
tion. The Voges-Proskauer and methyl red 
tests were negative. No change in aesculin 
broth was observed in six days. A positive 
test for hydrogen sulfide formation was 
readily obtained in 24 hours in stab cul- 
tures on lead-acetate agar. 

Gas was not produced on any of the fer- 
mentable media used. In the first series 
of tests, serum was added to the broth to 
accelerate growth. Positive reactions were 
then obtained on dextrose, sucrose, maltose, 
arabinose, xylose and dextrin in 24 hours. 
The control cultures, Salmonella pullorum, 
Escherichia coli and Escherichia commu- 
nior, also gave positive results on these me- 
dia. Serum was then omitted with the re- 
sult that no reaction occurred in sucrose, 
maltose, arabinose, xylose or dextrin. 

Of the 18 carbohydrates, two glucosides 
and seven polyhydric alcohols used, only 
four showed acid formation in 48 hours. 
These were dextrose, galactose, lactose and 


levulose. In the mannose broth all cultures 
were negative for two days when a faint 
reaction was seen in two cultures. Delayed 
reactions occurred in six more mannose 
cultures during the 21 days of incubation. 
The reaction in cellibiose was negative for 
nine days but in twelve days all but nine 
cultures showed acid formation. In 21 days 
all the cultures showed acid formation in 
cellibiose. None of the other fermentable 
materials gave positive tests for acid in 
three weeks. 

All strains grew well aerobically and also 
under reduced oxygen tension. In culture 
tubes prepared by Wright’s pyrogallic acid 
method the growth appeared in 24 to 48 
hours as a shiny, gray, spreading growth. 
In stab cultures the growth was more abun- 
dant deep in the agar than near the surface. 

After six days of incubation no growth 
appeared in broth at pH 6.0 to pH 6.4. A 
slight turbidity developed at pH 6.8 but at 
pH 7.2 to 7.6 growth appeared to be more 
abundant. At pH 8.2 a slight turbidity 
developed. 

An interesting observation, not made a 
formal part of the study, was the resistance 
of the cultures to aging and drying. 
Twenty gelatin-stab cultures remained at 
room temperature during the summer for 
four months. Seventeen of them were 
revived when broth was added to the dried 
material. One set of cultures was kept at 
50° C. for eight months in a refrigerator 
and found to be viable. 

Pathogenicity.—All cultures were found 
to be pathogenic for mice. Death occurred 
in most cases in two to three days after 
an inoculation of 0.5 cc. of a 24-hour broth 
culture. A few mice survived for eleven 
days, but emulsions of spleens of these mice 
produced death in four days when reinocu- 
lated. Pigeons inoculated with either 
freshly isolated or old strains died within 
three days. Guinea pigs survived intra- 
peritoneal injections of 1 cc. of 48-hour 
cultures. 


SUMMARY 


When isolated from inoculated rice, 
Erysipelothrix rhusiopathiae is a_ sbort, 


a 
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ler, straight or curved rod 1 to 2 » in 

th. On prolonged culture it forms 

_ filamentous threads from 4 to 15 pu 

The long, curved threads are often 

ied. Both the short and the filamentous 

ms are Gram positive, but they decolor- 
readily on prolonged incubation. 

wo types of colony formation are found. 

The short rods form small, round, shiny, 

discrete colonies with entire edges. The 

long, thread-like forms are found in colo- 

nies that are irregular in outline, have an 

uneven surface and are opaque in contrast 

to the translucent colonies of the short 

forms. 


E. rhusiopathiae is not active in produc- 
ing changes on commonly used media. In 
yelatin-stab cultures the growth radiates 
from the line of inoculation to give the ap- 
pearance of a test-tube brush. A narrow 
zone of alpha hemolysis develops around 
deep colonies in blood agar. In litmus milk 
a slight acid reaction may be formed, but 
usually no change is observed. Potato does 
not support growth. 

Indol is not formed and nitrates are not 
reduced. The Voges-Proskauer reaction, 
methyl red test, methylene blue reductase 
test and catalase test are all negative. 
Aesculin is not hydrolyzed. Lead-acetate 
medium is blackened by the formation of 
hydrogen sulfide. 

The reaction on fermentable media is 
weak. No gas is formed. Acid is produced 
readily from only dextrose, lactose, galac- 
tose and levulose. A delayed reaction is 
seen On mannose and cellibiose. No acid 
formation is observed on arabinose, xylose, 
rhamnose, maltose, melibiose, sucrose, 
trehalose, raffinose, melezitose, dextrin, 
starch, inulin, amygdalin, salicin, glycerol, 
ery hritol, adonitol, mannitol, sorbitol, dul- 
cite’ or inositol. 

e microérganism will grow under re- 
duc 1 oxygen tension as well as anaerobic- 
ally An alkaline reaction, pH 7.2 to pH 
7.6. is desirable for maximum growth. 
Mi: and pigeons are susceptible to arti- 
ficie inoculation. Guinea pigs are resist- 


ant Virulence is increased by passage 
thr gh susceptible animals. 
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Microscopic Detection of Mastitis 


SEYMOUR HADWEN, D.V.S. 
Toronto, Ont. 


1) NOT WISH to leave the impression that 
nicroscopic examination is all that is 
essary in diagnosing mastitis, but it is a 
ck method of determining whether a cow 
is giving clean or infected milk. If many 
leucocytes are present, it is a sure sign that 
something is wrong and one must then seek 
for the cause of the trouble. Classifying 
streptococci and staphylococci bacteriol- 
ovically is important and must be done, as 
Plastridge et al'-* have shown. 
| have been concerned with detecting 
udder diseases microscopically and_ in 
checking my results with the pathologic 
findings in the tissues. If the samples of 
milk are carefully taken, it is surprising 
how few microérganisms will be found, un- 
less one has a case of acute mastitis. If 
this mastitis milk is incubated, the organ- 
isms, which are no longer held back 
through immunologic processes, increase 
rapidly. Generally speaking, the more leu- 
cocytes there are, the fewer organisms 
there will be. Recently, Levaditi,*+-* work- 
ing on the abdominal exudate, coined the 
m the Ontario Research Foundation; pre- 
{ as a lantern-slide demonstration before the 
Section on Research at the 77th annual meeting of 
the AVMA, Washington, D. C., August 26-30, 1940. 
Plastridge, W. N., Anderson, E. O., Weirether, 
K and Johnson, R. E.: Infectious bovine mas- 
tit J. Dairy Sci., xix (1936), pp. 641-650. 
stridge, W. N., Anderson, E. O., and Seremet, 
io Infectious bovine mastitis. Bul. 224, Con- 
ticut State Coll. (1938). 
tridge, W. N., Anderson, E. O., Williams, 
.. F and Weirether, F. J.: Infectious bovine mas- 
titi Bul. 231, Connecticut State Coll, pp. 1-55. 
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term “microscopically sterile” (fig. 1). This 
is what we have repeatedly found in milk 
and sometimes it was also sterile bacterio- 
logically. On the other hand, microérgan- 
isms may be numerous and _ leucocytes 
scarce. Phagocytosis in the abdomen dif- 
fers from that which we see in milk. In the 
former, the bacteria are finally destroyed 
by the mononuclear cells, but in the latter 
the polymorphonuclear leucocytes take the 
lead in ingesting and eliminating the or- 
ganisms, 

In describing pneumococcic infections, 
Levaditi, like many others, believes that 
the encapsulated forms of this organism 
are more virulent than the nonencapsulated 
cocci, and for this reason can not be phag- 
ocyted. He goes on to say that following 
physico-chemical changes, the cocci may be 
phagocyted, the visible effects being the 
disappearance of the capsule and the for- 
mation of a cytoplasmic vacuole in the 
leucocytes. My correspondence with Dr. 
Levaditi has unfortunately been _inter- 
rupted; hence, it may not be possible to 
find out what he meant by physico-chemical 
changes or vacuole formation.* Evaluating 
the phagocytic changes in milk in terms of 
Levaditi’s concept, one finds an obvious 
similarity, especially in the occurrence of 
clear areas surrounding the cocci, though 
this does not explain the whole process for 
milk, as the writer has not seen capsule 
formation. It is important to know how 
the microérganisms are destroyed and, 
especially, their microscopic appearance 
during the process in order to determine 
whether they are decreasing or increasing. 

The first changes observed in the cocci 
were in cases where leucocytes were nu- 
merous and the cocci hard to find. They 

*Since this address was given in Washington, 
I have seen some of Metchnikoff's early drawings of 
phagocytosis which show unstained rings surround- 
ing the phagocyted bacteria. These appear to be 
identical to what I have called clear areas sur- 
rounding the cocci, Metchnikoff's illustrations were 


made available to me through the kindness of Pro- 
fessor W. L. Holman of Toronto University. 
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Plate I—Figs. 1-4 


Left to right, top to bottom: (1) Large mononuclear leucocytes in microscopically sterile milk. Such milk 
also may be sterile culturally (x 86). (2) Polymorphonuclear leucocytes. The large cell on the right co tains 
mucin; others are gorged on a colorless substance, forcing the nucleus over to the periphery of th: cell 
(x 86). (3) General view of the cells in a severe case of staphylococcic mastitis; a few of the cocci con be 
seen with a halo of white surrounding them (x 2,900). (4) Phagocytosis. Dissolution of cocci, both o ‘side 
and within the polymorphonuclear leucocytes. The cocci show a considerable decrease in size (x 2,90 }. 
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Plate Il—Figs. 5-8 


0 right, top to bottom: (5) Early stage of phagocytosis and destruction of cocci. Some of the individ- 
cci stained a bright pink. They have an irregular appearance and a few are surrounded by a colorless 
x 2,900). (6) Normal cocci in polymorphonuclear cell (x 2,900). (7) Irregular growth of cocci in 
yte; a few of the individual cocci are disappearing (x 2,900). (8) Destruction of staphylococci in 
leucocyte. Note irregular size of cocci and white halo around cocci touching nucleus (x 2,900). 
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Plate I1l—Figs. 9-12 
Left to right, top to bottom: (9%) Note almost complete dissolution of cocci in leucocyte (x 2,900). (10) 
Large macrophage cell phagocyting cocci. The cocci in the clear area are normal in size. Those ov the 
opposite side are disappearing (x 2,900). (11!) Large macrophage cell ingesting cocci which are reachin the 
vanishing point. This is a comparatively rare occurrence, as the polymorphonuclears usually phagocyt> the 
cocci (x 2,900). (12) Low power view of streptococci in milk sediment. The leucocytes are in a d°gen 
erative condition and the chains of cocci are actively growing (x 860). 
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Plate IV—Figs. 13-16 


0 right, top to bottom: (13) A clump of strepto-:occi being actively opposed by a group of leucocytes 


)). (14) A group of streptococci on two lining cells from the udder (x 2,900). (15) A polymorph- 


ar leucocyte attacking streptococci. Note degenerating chains on the left side and normal cocci on 
ner (x 2,900). (16) Active phagocytosis. The chains are being dissolved within the leucocytes (x 860). 
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were being phagocyted by the polymor- 
phonuclear leucocytes. The cocci appeared 
fairly normal in size but irregularly ar- 
ranged. Some of the cocci were colored a 
pinkish red with Hastings stain, which is 
different from their usual purplish-blue 
coloration and is possibly due to degenera- 
tive changes within the leucocytes (fig. 5). 
The most common changes in phagocyted 
cocci (figs. 7-9) are a diminution in size, 
and surrounding them a clear, unstained, 
circular area develops (fig. 3). The diges- 
tion of the cocci goes on until they are re- 
duced to mere pin points (figs. 10-11). This 
may apply also to cocci which are not 
phagocyted (fig. 4). With streptococci, the 
effect of phagocytosis shows very clearly 
on the chains. Wherever they touch a 
leucocyte or lie across it, the grains disap- 
pear and a clear zone surrounds the chain 
on either side. The chains both inside and 
outside the leucocytes are sometimes de- 
stroyed in great numbers (figs. 15-16), 
making the process easier to detect than 
with staphylococci. 

At this point I should like to refer to a 
paper I presented at the Chicago meeting 
of the AVMA in 1909 on the treatment of 
piroplasmosis. Professor Nuttall, with 
whom I was working at that time, had 
found that when an animal died of piro- 
plasmosis, the parasites in the body 
rounded up and shortly afterwards disap- 
peared. Thus, when he looked at my slides, 
which showed an increase in round forms 
following the injection of trypan blue, he 
said at once that the drug was killing them. 
This observation turned out to be correct 
and we had found a remedy for the disease. 
It is with a somewhat similar view that the 
present studies on milk have been made. 
There is a possibility that with a better un- 


derstanding of phagocytosis in milk we may 
be able to gauge more accurately the cura- 
tive effects on mastitis of many new drugs, 

One point to be mentioned is the rapid- 
ity with which phagocytosis may occur. 
We have found that by taking samples at 
six-hour intervals, considerable changes 
are revealed. Recently, Munch-Petersen! 
said (regarding milk tests): “These re- 
sults were based on fortnightly examina- 
tions. When the examinations were made 
more frequently, the streptococcus was 
found more often and in a larger number 
of cows.” This may be the reason that 
chemical tests work well on one occasion 
but not on another—-because day by day 
the udder reacts differently to infective 
organisms. 

It is difficult to convince a dairyman of 
some of the above facts. Just recently, in 
two separate herds, three of the most ac- 
tive cases of staphylococcic mastitis hap- 
pened to be giving an increased amount of 
milk. One of the animals, nevertheless, 
showed external evidence of inflammation. 
It is common knowledge that inflammatory 
processes may increase the natural secre- 
tions. In such cases one can not help wish- 
ing that milk did not have its white, con- 
cealing coloration and were penetrable to 
the naked eye. 

During the past summer, I examined 
some milk in British Columbia and Alberta. 
In one herd of Jerseys which had been iso- 
lated for a number of years, I examined 
15 cows and found only one quarter in- 
fected with staphylococci. Several of these 
cows had diphtheroids. In 16 beef cows 
there were four cases of staphylococcic in- 


*Munch-Petersen: Studies on mastitis in dair) 
cows. J. Counc. Sci. Ind. Res., xiii (1940), p 
19-23. 


CAPTIONS TO ILLUSTRATIONS ON OPPOSITE PAGE 
Plate V—Figs. 17-23. Drawings of Milk Sediment Colored with Hastings Stain“ 


(17) Polymorphonuclear leucocyte filled with mucinous material. A few mucin globules are nearby. (!8) 

Normal polymorphonuclear cell. (19) Macrophage cell filled with fat droplets. (21) Nucleus of lining cel 

from the udder, with fat droplets. (2!) Epithelial scales from teat canal with many diphtheroids. (22) 

Macrophage cell filled with leucocytes, mostly small mononuclears. (23) Lining cell nuclei from the udder 
in a case of Corynebacterium pyogenes infection. 


*Drawings by Miss Peggy Clarke. 
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ion, but in not a single case were diph- 
oids found. Though diphtheroids are 
ayally considered harmless, there is an 
ression in my mind that they may yet 
yroved to be forerunners of more serious 
uble. Hopkirk!® informs me that he has 

d this belief for some time. Munch- 

ersen,®? who has been experimenting on 

erd of 50 isolated heifers, says: “With 
exception, the herd was free from 

‘der infections with corynebacteria.” 

On my trip into western Canada I was 
not able to obtain milk from range cows, as 
| had hoped. I had expected to find that 
range cows which only suckle their calves 
would show a low incidence of mastitis. 
However, in July I had the good fortune 
to secure five samples from reindeer cows 
at the mouth of the Mackenzie River. It 
was late in the milking season for reindeer, 
but they were all perfectly clean as far as 
the microscope could detect. In none did I 
find more than an occasional leucocyte. 

| would like to make a few remarks on a 
case of actinomycosis which was recently 
diagnosed. A sample of pus was received 
at the laboratory from the jaw of a dairy 
cow which proved to be infected with actin- 
omycosis. The following day the dairyman 
called up and said that he had forgotten to 
tell me that a lump in the udder was noted 
not long after the lesion on the jaw became 
prominent. Sections cut from the udder 
showed actinomycosis. Though I have 
heard little mention of the disease in this 
country [Canada] it is probably not rare 
in dairy cows since similar cases have been 
diagnosed and lesions of actinomycosis are 


A method of control of 
Australian Vet. J. (1933), 


fopkirk, C. S. M.: 
titis in dairy cows. 
3-61. 


commonly found during the inspection of 
meats. 

I was recently asked to explain why 
leucocytes increase at the close of the 
lactation period. There is a similarity ir 
the cell picture between colostrum and the 
last milk secreted. The probable reason for 
this is that there is retention of milk at 
this period, just as there is before lacta- 
tion actually begins. I have referred to 
Porcher and Panisset,'! who believe that 
colostrum is composed of the remains of 
milk previously secreted. It is evident that 
the nature of the milk and its cellular con- 
tent will alter, inasmuch as in the process 
of drying up a cow, less and less milk is 
drawn from the udder. 

Concerning the staining reactions ob- 
tained with Hastings stain, we have found 
that the selective action on certain cells, 
such as the lining cells, is helpful in rec- 
ognizing them. It is for this reason that 
the two colored plates (figs. 17-30) are in- 
cluded in this paper, and it is believed that 
they will be of assistance to those who wish 
to use the microscopic method in the diag- 
nosis of mastitis. 


CONCLUSION 


In concluding this account of the results 
of the microscopic diagnosis of mastitis, I 
should like to point out that the examina- 
tion of milk sediment is quickly done and 
is useful as a preliminary method for class- 
ifying the cows in a herd. It has other 
advantages in that it is easy to repeat and 
requires little equipment other than the 
microscope. 


“UHadwen, S., and Gwatkin, R.: The detection of 
abnormal cow’s milk by microscopic methods. Cana- 
dian J. Res. (1939), pp. 225-244. 


CAPTIONS TO ILLUSTRATIONS ON OPPOSITE PAGE 


‘late VI—Figs. 24-30. Drawings of Milk Sediment Colored with Hastings Stain* 


(2°) Colostrum containing “blue bodies" which result from the breaking up of the mononuclear cells. 


figure 27.) 
of ning cells are seen. 


po morphonuclear cells form tangled skeins of fibrinous material. 
(2) Eosinophile cell. These cells occur commonly on the smears, but in small numbers. 


Paler globules are composed of mucinous material. 
Red blood corpuscles are commonly observed. 


Cell debris and the nuclear remains 

(25) Leucocytes breaking up. The 
These are visible to the naked eye. 
(27) Break-up of 


me nuclear leucocytes. The nuclear fragments round up and form the “blue bodies" in colostrum. (28) Small 


ca’ um concretions found in the milk sediment. 


(29) Vacuoles in degenerating mononuclear cell. 


(30) 


Unraveling of polymorphonuclear leucocyte, early stage. 


awings by Miss Peggy Clarke. 
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Studies on Bovine Mastitis. 


Mastitis in Heifers” 


C. C. PALMER, D.V.M., M.S., J. C. KAKAVAS, Ph.D., and JAMES R. HAY, B.A., D.V.M. 
Newark, Del. 


IN THE EXTENSIVE literature dealing with 
mastitis in the bovine species, very little 
has been reported regarding the disease in 
heifers. 

Several workers have found mastitis strepto- 
cocci in the milk of heifers immediately after 
calving. In the udder tissue of virgin heifers 
Hucker! reports that 47 per cent of the 21 
virgin heifers and calves studied were found 
to harbor mastitis streptococci in their udders. 
In 1933, Minett, Stableforth and Edwards’ 
found group II mastitis streptococci in the 
udder exudate of a heifer showing a swollen 
quarter just before calving. Klein et al,* in 
1938, reported ten cases of mastitis occurring 
in one herd. These heifers developed unusual 
udder swellings in one or more quarters which 
were not hot or painful. “The first two series 
of samples collected revealed presence of beta 
hemolytic streptococci, of a type similar to Str. 
agalactiae, in the udders of all but three of the 
10 heifers.” This organism did not appear in 
any of the samples collected after the second 
set, either before or after calving, except in 
one heifer. They also report the presence of 
micrococci which, they state, persisted after 
the streptococcus disappeared from the secre- 
tions. “No attempt at classification of the 
micrococci was made, but the ‘yellow,’ hemo- 
lytic varieties predominated.” 

We have studied mastitis in heifers in 
three large herds of purebred dairy cattle. 
In one of these herds the disease assumed 
the form of an epizoétic which appeared 
first in the milking herd and later in the 
bred and unbred heifers. In the other two 
herds the disease has appeared sporadically 
in a few heifers. It is difficult, however, to 
estimate the frequency and importance of 


*A project of the Haskell Animal Disease Re- 
search; from the Department of Bacteriology and 
Hygiene, University of Delaware. Presented before 
the Section on Research at the 77th annual meet- 
ing of the AVMA, Washington, D. C., August 26-30, 
1940. 

iHucker, G. J.: Mastitis. V. The presence of 
mastitis streptococci in bovine mammary tissue. 
New York State Agr. Exp. Sta. Tech. Bul. 241 
(1937). 

*Minett, F. C., Stableforth, A. W., and Edwards, 
S. J.: J. Comp. Path. & Therap., xlvi (1933), p. 
131. Cited by Klein et al. 

®Klein, L. A., Kleckner, A. L., and Scheidy, 8S. F.: 
Str. agalactiae infection in heifers prior to par- 
turition. Univ. Pennsylvania Bul., Vet. Ext. Quar., 
xxxviii (1938), pp. 3-9. 
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mastitis in heifers since the disease easily 
may be overlooked or no attention paid to 
slight swelling of the udder by the care- 
takers. Abnormal swellings of the udder 
in heifers are usually attributed to “suck- 
ing,” or increased physiologic (hormone) 
activity. Many of the heifers which show 
abnormal swelling of the udder as yearlings 
or 2-year-olds freshen as normal milk pro- 
ducers. This will be true if the swelling 
was due to increased physiologic activity. 
Such cases appear to be quite common, but 
they do not constitute true mastitis. If the 
swelling is caused by a low-grade infec- 
tion, the heifer may be fully recovered by 
the time she freshens, or although there is 
little or no physical change in the udder 
structure and the milk appears normal, the 
infecting microérganism may be present in 
the milk. If, however, the swelling is 
caused by microérganisms of high virv- 
lence, serious damage will result to the 
udder. Such heifers may freshen with 
“blind” or partly “blind” or “slack” 
quarters, and the milk is often abnormal in 
physical and chemical properties. 


Clinical History 
HERD ONE 


This is a herd of approximately 150 pure- 
bred Holstein-Friesian cows and heifers. 
The herd has been established about 25 
years, and during the past 20 years no fe- 
males have been added. Until the summer 
of 1938, mastitis was not a problem in this 
herd. In August 1938, mastitis appeared 
suddenly in several of the milking cows. 
The infected animals presented symptoms 
of acute mastitis involving one or more 
quarters of the udder. The cows were 
milked by hand twice daily and were on 
pasture during the day. On August 28, 
1938, the cows were apparently norme at 
the morning milking, but at the eve? ing 
milking several of them refused feed, hey 
had chills and elevated body temperat res 
of one or two degrees, and several had ¢ al- 
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There was pronounced agalactia and 
mmation in one or more quarters of the 

r. The milk from the involved quarters 

abnormal. It contained clumps of 
in, and in some of the animals it was 
color of coffee. All of the mature cows 
le rapid, spontaneous recoveries without 
tment. The blood plates revealed infec- 

with a wide-zone hemolytic Staphy- 

cus aureus. The milk filtrate revealed 
acteriophage giving 2+ or 3+ lysis 
inst the specific organism carried in the 
milk. The blood serum of the infected ani- 
mals eventually agglutinated the organism 
in dilutions of 1:100 and above. 

[he majority of the heifers which be- 
came infected suffered serious damage to 
the udder, except those with nonfunction- 
ing udders which were treated early. If 
the infection did not occur until after calv- 
ing, the damage to the udder was consid- 
erably lessened. 

Heifer 404 was a case of this type. This 
animal developed mastitis in the right fore 
quarter a few days after freshening with her 
first calf. There was no systemic reaction, but 
the involved quarter was inflamed with the 
milk of this quarter separated into whey and 
coagulated solids and greatly reduced in 
amount. Ox-blood-agar plates of this milk 
showed many colonies of double-zone hemo- 
lytic S. aureus with a very large zone of hemo- 
lysis (table I, No. 404). Also on the plates 
were Escherichia coli and a few nonhemolytic 
streptococci. The blood serum of this animal 
eventually gave a positive agglutination against 
S. aureus antigen in a titer up to and includ- 
ing 1:1,600. She was treated by injecting into 
the udder via the teat duct bacteriophage spe- 
cific for the S. aureus carried in the milk. Her 
milk was negative for natural bacteriophage. 
The bacteriophage was injected at intervals of 
one week. The milk from this quarter soon 
became normal in appearance, but was lowered 
in amount approximately 80 per cent compared 
wiih the normal quarters. The staphylococci 
coutinued to be present for several weeks. 

he heifers which became infected dur- 
in their first pregnancy suffered severe 
de .age to the udder, except those which 
w -e treated early. 

‘ifer 433, which freshened with a “blind” 
lk ‘ear quarter, was an example of this. This 


an al, when pregnant three months with her 
fir calf, developed a swollen left rear quarter. 
Th case did not come to our attention at the 
ti and the only treatment given consisted 
of ‘ipping the infected quarter. 


Under this 
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treatment the quarter appeared to improve and 
return to normal. The swelling subsided and 
the liquid exudate was no longer present. When 
she freshened, the involved quarter was filled 
with milk, but it was impossible to remove the 
milk via the teat. The remaining quarters 
milked normally. The heifer was slaughtered 
and the udder obtained for study. This study 
revealed three normal quarters. The left rear 
(“blind”) quarter revealed that the lactiferous 
sinus and duct were completely obliterated by 
proliferated connective tissue. The duct was 
completely closed. The alveoli, although filled 
with milk, appeared to have undergone atrophy, 
and there was an excessive proliferation of 
connective tissue throughout the interlobular 
spaces. 

Heifer 441 was observed to have a swollen 
left fore quarter about three weeks prior to 
calving. She was first seen by one of us on 
May 19, 1939, a few days prior to calving. At 
this time palpation of the udder was difficult 
because of the congestion and edema which 
were present. The swollen quarter contained 
a thick, pus-like exudate which on bacteriologic 
examination revealed a hemolytic S. aureus 
and a few nonhemolytic streptococci. The right 
fore quarter appeared normal except for the 
teat duct which was closed. Both rear quarters 
and teats were normal. The heifer calved on 
May 22, 1939. Examination after calving re- 
vealed the left fore quarter to be filled with 
milk, but only a small amount of thick, pus- 
like exudate could be removed from the teat. 
This material when streaked on ox-blood agar 
gave a pure culture of a hemolytic 8S. aureus 
(table I, No. 441). The right fore quarter 
appeared normal except for the occluded teat, 
which made it impossible to remove any of the 
milk. Both rear quarters milked normally 
and gave normal milk. Examination on June 
2 revealed increased induration, especially at 
the base of the teats of both fore quarters. 
The heifer was slaughtered and the udder 
obtained for study. Gross examination revealed 
normal rear quarters. The left fore quarter 
showed a large amount of proliferated connec- 
tive tissue around the wall of the lactiferous 
sinus. The duct appeared normal. A thick, 
tenacious mucoid exudate was present in the 
sinus and in the duct. In the right fore quarter 
the lactiferous sinus and duct were completely 
obliterated by proliferated connective tissue. 
There was also an excessive amount of pro- 
liferated connective tissue throughout the inter- 
lobular spaces. 


Following the above experiences, all 
heifers showing abnormal swellings of the 
udder were examined immediately and the 
secretions tested bacteriologically. In 1939, 
there were 31 heifers 12 to 20 months of 
age on this farm, running together in the 
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same pasture. They had never been in con- 
tact with the milk herd. Early in the sum- 
mer two of the heifers developed clinical 
mastitis at about the same time and, later, 
four others developed the disease. Several 
others were undoubtedly infected but did 
not show clinical symptoms of the disease. 
This is indicated by the fact that two 
heifers without clinical history of mastitis 
freshened with “blind” quarters. 

The six heifers which developed clinical 
mastitis were treated by injecting bacteri- 
ophage specific for the infection into the 
lactiferous sinus via the teat duct. Five of 
the heifers apparently have made complete 
recoveries. One heifer developed multiple 
abscess formation in the infected quarter. 
Four of these heifers were infected with 
S. aureus (table I, Nos. 477, 478, 480 and 
449). 


Heifer 449 is typical for this group. In July, 
when pregnant 3% months, she was observed 
to have a swollen right fore quarter. A sample 
of the exudate from this quarter was brought 
to the laboratory on July 15, 1939. The bac- 
teriologic examination revealed a pure culture 
of S. aureus. This organism was completely 
lysed with our polyvalent S. aureus bacterio- 
phage. On July 21, this heifer was examined 
by one of us. The right fore quarter was swol- 
len and hard and there was an edematous 
swelling in front of the quarter. The remain- 
ing quarters were normal on palpation. Samples 
of exudate were collected from each quarter. 
From the right rear quarter 10 cc. of a light- 
gray secretion was obtained. This secretion 
coagulated into a firm clot within a few min- 
utes after collection. The right fore (swollen 
quarter) gave a grayish-colored exudate con- 
taining flocculi and it did not coagulate. The 
two left quarters gave a light gray secretion; 
there were no flocculi, but it did not coagulate. 
Based upon this evidence of failure to coagu- 
late, although only the right fore quarter was 
swollen, a clinical diagnosis was made of in- 
fection in three quarters—namely, the swollen 
quarter or right fore, and the two left quarters. 
The blood-plate test confirmed this diagnosis. 
The right rear quarter was sterile. The others 
contained hemolytic S. aureus. These staphy- 
lococci from the three infected quarters were 
lysable with our stock staphylococcus bacterio- 
phage. Five cc. of bacteriophage was adminis- 
tered into each quarter on July 25, 26, 28 and 
31. Examination on July 31 revealed the 
swelling in the right fore quarter had subsided 
and the bacteriologic examination of the small 
amount of secretion present in each quarter 
revealed no growth. There was no recurrence 


of the mastitis throughout the remainde~ of 
pregnancy. The heifer freshened on Decei hey 
4, 1939. She has milked normally in all o jar. 
ters, and her milk was normal on bacteriologi¢ 
test. 


In December 1939, one heifer in this 
group and in March 1940, another heifer 
in the group developed clinical mastitis 
with an entirely different bacteriologic pic. 
ture. The exudate from the udders of these 
heifers gave pure cultures of an unusual 
streptococcus which will be described later. 


On December 19, heifer 482 was discovered 
to have a swollen left rear quarter. The swol- 
len quarter was hard, about the size of a base. 
ball and contained a thick, pus-like exudate. 
The blood plate revealed a pure culture of a 
streptococcus producing minute, pin-point, 
slow-growing alpha hemolytic colonies. The 
infected quarter was treated by daily injections 
via the teat duct of bacteriophage specific for 
this organism. The swelling rapidly subsided 
and on January 9, and 15, the exudate from this 
quarter was sterile on bacteriologic examina- 
tion. On March 5, 1940, she was examined fo: 
pregnancy and pronounced pregnant. The left 
rear quarter on this date appeared normal! on 
palpation. The teat duct appeared somewhat 
thickened. 

On March 15, 1940, heifer 479 was discovered 
to have a swollen right fore quarter. From 
this quarter 3 to 4 ounces of a fetid, pus-like 
exudate was obtained. Ten cc. of polyvalent 
mixed bacteriophage was injected into the sinus 
of the infected quarter. This was followed by 
a severe reaction as indicated by increased 
swelling of the infected quarter and elevation 
of body temperature to 105° F. In the majority 
of heifers previously treated with bacterio- 
phage, no reactions occurred. In a few heifers 
the injection was followed by mild swelling of 
the udder which rapidly subsided. This heifer 
developed a marked systemic reaction in which 
the temperature remained at the 105° F. level 
for several days. The bacteriophage injections 
were continued. The exudate from the infected 
quarter gave a pure culture of slow-growing, 
minute, pin-point alpha hemolytic streptococ- 
cus colonies. The streptococcus was lyszble 
with our stock streptococcic bacteriophage 
and treatment was continued with 
teriophage specific for her infection. The 
swelling receded very slowly and although the 
exudate was decreased in amount, the strepto- 
coccus continued to be present. By Apr! 4, 
it became apparent that multiple absce :ses 
were forming in the infected quarters. On 
April 10, the heifer aborted a 7-month-old fi ‘us. 
The udder healed promptly following drai’ ag¢ 
of the abscesses. Because of the loss of the 
fetus and the damaged quarter, the heifer vas 
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S htered. The streptococcus isolated from 

' .eifer was injected into one quarter of the 

m of a yearling grade heifer. This animal 

d yped a typical local reaction. The arti- 

y infected quarter became swollen to 

t the size of a baseball. The swelling was 

hot and painful. There was no systemic 

ion or abscess formation. No treatment 

W siven and the swelling subsided in about 

tl weeks. The sinus appeared to be filled 
W connective tissue. 


| the 1940 crop of yearling heifers on 
this farm, one case of mastitis has been 
found to date. These heifers have not been 
in contact with the remainder of the herd. 


On May 13, 1940, while examining the udders 
of this group of heifers for supernumerary 
teats, heifer 517 was observed to have a swollen 
right rear quarter. The swelling was soft and 
nonpainful. The teat orifice appeared to be 
well sealed. This quarter contained a straw- 
colored exudate which did not coagulate. The 
left rear quarter was slightly swollen and con- 
tained exudate. The exudate from the right 
rear quarter gave a pure culture of a hemolytic 
S. aureus. The exudate from the left rear 
quarter was sterile. On May 17, the heifer 
received 10 ce. of bacteriophage specific for her 
infection in each rear quarter. Before the 
bacteriophage was injected, the exudate was 
removed. This again showed S. aureus on the 
right side and sterile on the left side. Treat- 
ment was repeated on May 19. Samples of the 
exudate taken on May 20 and 21 were sterile. 
On May 29, her caretaker, without our knowl- 
injected bacteriophage into the rear 
quarters. This was followed in a few hours by 
a pronounced edematous swelling of the in- 
jected quarters. We saw the heifer during the 
height of the reaction. Samples of the exudate 
were collected and when tested bacteriologically 
were found to be sterile. The swelling subsided 
rapidly and 24 hours later the udder appeared 
normal. 


edge, 


‘he total number of clinical cases of mas- 
tit's which have been studied in the heifers 
of ‘his herd up to the time of writing is 18 
(table II). Five of the heifers were re- 
cer ly fresh, three were in advanced preg- 
na cy and near calving (“springing’’), five 
we e 2-year-old pregnant heifers, and five 
W yearling heifers. In addition, there 
we © two infected heifers which were either 
ov looked or which did not show clinical 
sy: ptoms of the disease. This is indicated 
by che presence of “blind” or damaged 
qu: ters at freshening (table II, Nos. 466 
anc 472). 
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HERD Two 


This is a herd of purebred Guernsey cat- 
tle of approximately 130 cows and heifers. 


During the summer of 1938, two yearling 
heifers which were on pasture with about 20 
others of similar age were observed to have 
swollen udders. When these heifers were ex- 
amined by one of us, the infection was found 
to involve two quarters in one of the heifers 


and three quarters in the other heifer. These 
swellings were hard, hot and painful. From 
the teats of the involved quarters a small 


quantity of pus-like exudate could be removed. 
Bacteriologic examination revealed pure cul- 
tures of S. aureus. Treatment consisted of 
warm fomentations and frequent stripping. 
They made very slow recoveries, the involved 
quarters continuing to be hard and indurated. 
The heifers were bred and were sold for slaugh- 
ter soon after freshening because of bad quar- 
ters. We did not see these animals after they 
calved, but we were informed that all of the 
involved quarters were either “blind” or gave 
“bad” milk. 


In the older bred heifers one case de- 
veloped. 


This heifer was observed to have a swollen 
right rear quarter during early pregnancy but 
was not treated. When she freshened the left 
side of the udder was normal, but both quarters 
on the right side gave “bad” milk. She was 
seen by one of us one week after calving. The 
secretion from the involved quarters was puru- 
lent, fetid and contained strings of pyogenic 
membrane. A quart or more of this material 
could be removed from each involved quarter. 
A darkened (black) area the size of a silver 
dollar was noted on the posterior part of the 
right rear quarter. Three days later the right 
rear quarter ruptured at the darkened area. 
As necrosis was well established in both right 
quarters, the heifer was destroyed. The bac- 
teriologic examination revealed in the right 
rear quarter a pure culture of a streptococcus 
which produced very slow-growing, minute, pin- 
point colonies giving alpha hemolysis. The 
right fore quarter gave a similar streptococcus 
and a hemolytic 8S. aureus. 


In 1939, only one case developed in the 
heifers of this herd. 


This animal, an 18-month-old heifer, was on 
pasture with 20 others of similar age. The 
herd was inspected daily and there was no 
history of sucking. In June, this heifer was 
observed to have a swollen right rear quarter 
with exudate escaping from the teat. The 


exudate when examined was sero-caseous with 
relatively large amounts of straw-colored serum 
which did not clot on standing. On bacterio- 
gave a pure 


logic’ examination this quarter 


fa 
4. 
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TABLE I|—Staphylococcus Aureus Isolated from Heifers with Clinical Mastitis 


Litmus 


HEMOLYSIS 
MILK 


iULATION 


COAGULATION 


Coac 
RaBpit-BLoop PLASMA 


CRYSTAL-VIOLET 


ANIMAL OR 
CULTURE 
Ox-BLoop 
PLATE 
Ox-BLoop 
Ox-BLootr 
GELATIN LIQUE. 
AGAR 
MANNITOL 
REDUCTION 


AcID 


4 
+ 


+ 


mice in 
diffuse 


(5) 


Violet. (1) This culture killed 
being used; (2) alpha hemolysis; (3) 
culture was old when tested on rabbit; 
broth culture being used. 


culture of a hemolytic S. aureus. The remain- 
ing quarters, although not swollen, gave a mix- 
ture of hemolytic and nonhemolytic colonies 
of S. aureus. The swollen quarter contained 
an area of fibrosis about the size of a golf ball 
located high in the posterior part of the quar- 
ter. Treatment consisting of injecting 2.5 ec. 
of polyvalent S. aureus bacteriophage, which 
gave 4+ lysis against her organism, into each 
quarter was started on June 16, and repeated 
daily for ten days. The blood plate of her 
exudate was sterile on June 21, but treatment 
yas continued until the 26th. On July 3, a 
check-up on this animal revealed a few non- 
hemolytic staphylococci which were considered 
to be normal flora. Some of these colonies 
were moth-eaten and bacteriophage specific for 
her organism was isolated from the blood plate 
by touching the moth-eaten area of a colony. 


5 hours, 
inflamed 
this culture killed white mice in 22 hours, 0.5 ce. of 24-hour 


CLINIcaL History 


BACTERIOPHAGE 
Test 


RABBIT-SKIN 


CurRD 


Acute mastitis, 3 quarters infected; staphy- 
lococcemia; died, 3d day 


Acute mastitis, 3 quarters infected; staphy- 

lococcemia; died, 10th day 
Acute mastitis, 1 quarter infected; no systemi 
reaction; slow recovery 


Acute mastitis; rapid fibrosis; two “‘blind 
quarters 


Acute mastitis, 1 quarter infected; no systemi 
reaction; recovered 


Acute mastitis, 3 quarters infected; no sys- 
temic reaction; recoverec 

Acute mastitis, 2 quarters infected; no sys- 
temic reaction; recovered 


Acute mastitis, 3 quarters infected; no sys- 
temic reaction; recovered 


Acute mastitis, 2 quarters infected; system 


reaction; necrosis of udder 


Acute mastitis, 4 quarters infected; no sys- 
temic reaction; recovered 


Acute mastitis, 4 quarters infected; no sys- 
temic reaction; recovered 

Acute mastitis, 2 quarters infected; systemi 
reaction; necrosis of udder 

Acute mastitis, 4 quarters infected; no sys- 
temic reaction; recovered 


Acute mastitis, 1 quarter infected; no systen 
reaction; recoverec 


4+ 


45 
area 6 


24-hour broth cultures 
necrotic area; (4) this 


of 
4-cm. 


minutes, 0.5 ce. 


em., with 


As the area of induration was still present and 
there appeared to be some induration a‘ the 
base of the right rear teat, another course 
of treatment with bacteriophage was 
Examination on July 18 revealed the qi 
to be much improved. On June 15, the 
serum of this heifer was negative for S. a 
agglutinins. On September 14, her blood s 
gave a positive agglutination reaction in 
dilution and partial agglutination in the 
dilution. This heifer freshened in March 
Her udder was normal on physical exami) 
and when fresh ten days she was prod 
35 lb. of milk daily. Her milk was ne 
for S. aureus. 


given 
urter 
»lood 
reus 
rum 
200) 
1940 
ition 
cing 
itive 


HERD THREE 
cat- 
fer's. 


This is a herd of purebred Guernse: 
tle of approximately 200 cows and he 
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eases of mastitis in heifers have been 
ed in this herd. 


September 1939, a mature cow in this herd 
yped acute mastitis involving three quar- 
f the udder two days following a normal 
ition. The infection rapidly became gen- 
ed (bacteremia), the body temperature 
elevated to 107.2° F. The animal received 
il acriflavine, 1 Gm. in 500 ce. of physio- 
saline, intravenously following which the 
rature dropped to 103.8° F. She con- 
| to show pronounced symptoms of tox- 
ind the temperature in 24 hours returned 
The neutral acriflavine was re- 
i, but with little or no benefit, and death 
red on the third day. Each day of her 
aureus (table I, Bl) was 


the blood stream in pure culture. 
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In March 1940, a heifer in this herd freshen- 
ing with her first calf developed acute mastitis 
with bacteremia. Her case was nearly identical 
with the one just described. This heifer calved 
on March 6, 1940. She was normal for 48 hours 


when she developed an inflamed right rear 
quarter. Her temperature became elevated to 
104.9° F. When seen by one of us a few hours 


later, the temperature was 105.8° F. Milk 
samples were collected from each quarter and 


30 ce. of polyvalent S. aureus bacteriophage 
was administered intravenously. The right 
rear quarter (inflamed quarter) gave large 


numbers of a pure culture of a hemolytic S. 
aureus (table I, B2). The right fore quarter 
was sterile and the two left quarters gave 
numerous hemolytic S. aureus. The blood cul- 
ture from the external abdominal vein gave a 
pure culture of a hemolytic S. aureus. A diag- 
nosis was made of S. aureus mastitis with 


TABLE Il—Clinical History of Heifers with Mastitis on Farms |, 2 and 3 


TREATMENT AND TERMINATION OF CASE 


Farm 1 


Not treated; lost 50% of infected quarter 

Not treated; complete recovery; had natural bacteriophage in 
milk 

Treated with bacteriophage; lost 80% of infected quarter; nor- 
mal udder and calf 

Treated with bacteriophage; complete recover y 

Treated with bacteriophage; complete recovery 


Treated with bacteriophage; became dry in infected quarter; this 
quarter “‘blind’’ when fresh with 2d calf 

Treated with bacteriophage; infected quarters became necrotic; 
slaughtered 

Not treated; two quarters ‘‘blind’’ when fresh 

Not treated; “‘blind’’ quarter when fresh 

Not treated; lost infected quarter when fresh 

Not treated; one quarter “‘blind’’ when fresh 

Treated with bacteriophage; complete recovery; normal in all 
quarters when fresh 

Freshened with “‘blind”’ quarters; no treatment 

Freshened with “blind” quarters; no treatment 

Treated with bacteriophage; marked systemic reaction; abscess 
formation; aborted 7-month fetus 

Treated with bacteriophage; apparently recovered; due to calve 
November 1940 

Treated with bacteriophage; apparently recovered 

Treated with bacteriophage; apparently recovered; due to calve 
October 1940 


| Treated with bacteriophage; apparently recovered; due to calve 


September 1940 
Treated with bacteriophage; apparently recovered; not bred 


RM 2 


No treatment; when fresh, infected quarters became necrotic; 
slaughtered 

Treated by stripping; ‘‘blind”’ quarters when fresh 

Treated by stripping; ‘‘blind’’ quarters when fresh 

Treated with bacteriophage; complete recovery; normal udder 
when fresh 


Farm 3 


« OF HEIFER AND No. or TYPE OF 
\TE OF LACTATION ANIMAL MAstitis 
417 Acute 
421 Acute 
ears; recently fresh 
404 Acute 
406 Acute 
410 Acute 
426 Acute | 
ears; about to freshen, | 
ringing” 146 Acute gangrenous 
441 Acute 
418 Acute 
423 Acute 
433 Acute 
pregnant few months 449 Acute | 
166 No symptoms 
472 No symptoms | 
479 | Acute with abscess | 
| 
477 | Acute 
478 Acute 
480 | Acute | 
482 Subacute 
| 
517 Subacute 
| 
Fa 
| 
| L-3 Acute 
| 
| L-1 Acute 
| L-2 Acute 
L+4t Acute 
| 
s; fresh | B-2 | Acute with 
| | staphylococcemia 
B-3 Subacute 


Treated with bacteriophage intravenously; blood became sterile 
on 7th day; udder not improved; died of pneumonia 10th day 


Treated by stripping; history not complete; not bred 
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staphylococcemia. Three quarters of the udder 
were infected, although clinically only one 
quarter appeared to be involved. As the S. 
aureus bacteriophage appeared to be well toler- 
ated by the animal, it was decided to continue 
this line of treatment. Six hours after the 
first dose was given, an additional 50 cc. of 
bacteriophage was administered intravenously. 

On March 9, the heifer received 50 ce. of 
bacteriophage. Her temperature was 105.2° F., 
but she appeared slightly improved. By this 
time we had checked our stock bacteriophage 
against her specific staphylococcus and found 
that it gave 44 lysis. A large quantity of spe- 
cific bacteriophage was prepared and admin- 
istered intravenously as follows: March 10, 100 
ce.; March 11, 100 ecc.; March 12, 50 cc.; March 
13, 100 ce.; March 14, 100 ec.; March 15, 175 
cc.; March 16, 100 cc.; and March 17, 100 ce. 
The temperature remained at the 105° F. level 
until March 15, when it dropped to 103.8° F. 
at both a. m. and p. m. readings. On March 16, 
the temperature was 102.6° F. On March 17, 
it was 102° F. 

Daily bacteriologic examinations were made 
of the milk and blood. The blood stream con- 
tinued to show S. aureus until March 15, when 
it was sterile and remained so. The right fore 
quarter remained normal until March 12, when 
the milk from this quarter gave numerous 
minute, pin-point colonies of a nonhemolytic 
streptococcus. On the 13th, this organism was 
present in two quarters and on the 14th it 
appeared in the blood stream. This strepto- 
coccus was lysed by our polyvalent strepto- 
coccus bacteriophage and after this date bac- 
teriophage specific for this organism was added 
to the staphylococcus bacteriophage which the 
heifer received. Until the termination of the 
case both microérganisms continued to be pres- 
ent in the milk. 

On the 15th, the heifer appeared improved. 
With the temperature down to 102.6° F. on the 
16th, and 102° F. on the 17th, her recovery 
appeared promising, although there was little 
or no improvement in the mammary gland. 
On the 18th, the animal showed symptoms of 
pneumonia and died on that date. The autopsy 
confirmed the diagnosis of pneumonia. The 
udder showed extensive lesions of mastitis. 
This case was treated during an extremely cold 
spell of weather, which may have contributed 
to the pneumonia. 


In May 1940, while the heifers in this 
herd were being examined for pregnancy, 
a heifer was found with a swollen left rear 
quarter. 


The swelling was hard, about the size of a 
baseball and moderately painful. The exudate 
from this quarter gave a pure culture of slow- 
growing, minute, pin-point colonies of an alpha 
hemolytic streptococcus. Attempts to develop 


a bacteriophage for this organism were 1» isy,e. 


cessful. The quarter was treated by striping. 
The swelling gradually subsided, but there ap. 
pears to be a considerable amount of proifer. 
ated connective tissue within the sinus. This 
animal will be kept under observation in crder 
to determine the status of her udder at calving. 


Etiology 


S. aureus was the predominating micro- 
6rganism isolated from the udders of the 
heifers with mastitis on the three farms. 
In the majority of the animals this organ- 
ism was isolated in pure culture. Strepto- 
cocci were isolated from the udder exudate 
of ten of the 24 heifers studied in this 
series of cases. In four of these heifers 
streptococci were the only organisms iso- 
lated. In five heifers streptococci were iso- 
lated in pure culture from certain infected 
quarters, whereas other quarters gave pure 
cultures of hemolytic S. aureus. In one 
heifer the exudate gave a mixture of strep- 
tococci and staphylococci. 

The habitat of S. aureus is the skin and 
mucous membranes. In the lactating cow 
the interlobular ducts and lactiferous sinus 
may be regarded as the normal habitat as 
well. Ward‘ concluded from his studies 
that “milk when secreted by the glands of 
the healthy cow udder is sterile. It may, 
however, immediately become contaminated 
by the bacteria which are normally present 
in the smaller milk ducts of the udder.” 
Conn et al® observed that cultures classed 
as micrococci possess characteristics agree- 
ing essentially with those of the pathogen 
“Staphylococcus pyogenes aureus.” Evans,’ 
in a study of the bacteria of milk freshly 
drawn from normal udders, reported that 
micrococci were found in 58.8 per cent of 
the samples varying from few to 80,000 per 
cubic centimeter. Of 185 cultures, 95 were 
regarded as S. aureus. While the majority 
were nonvirulent, about 10 per cent of the 
cultures of micrococci were hemolytic on 
cow’s blood agar, produced pigment, fer- 
mented mannitol and were virulent for rab- 


*Ward, A. R.: The invasion of the udder by bac- 
teria. Cornell Univ. Agr. Exp. Sta. Bul. 178 (1900). 

5Conn, H. W., Esten, W. M., and Stocking, W. A.: 
A classification of dairy bacteria. Connecticut Agr. 
Exp. Sta., 18th Ann. Rpt. (1906). 

“Evans, A. C.: The bacteria of milk freshly craw? 
from normal udders. J. Inf. Dis., xviii (1916), P?- 
437-476. 
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hits The hemolytic S. aureus strains ap- 
pea’ -d to be more pathogenic than the non- 
her lytic S. albus strains. As most of the 
udd-r micrococci studied appeared to be of 
the same type as those commonly found on 
the skin and mucous membranes of man 
and animals, Miss Evans suggested drop- 
ping the several specific terms applied to 
microcoeci of the udder. Steck? found that 
certain udder quarters remained sterile for 
long periods; others continued to harbor 
relatively large numbers of bacteria, in- 
cluding S. awreus and S. albus. He con- 
sidered such organisms capable of setting 
up a mild inflammatory reaction in the 
gland. 

Several investigators have reported S. 
aureus as the cause of mastitis. Plastridge 
et alS stated that staphylococci of the bo- 
vine udder are of interest to the dairy in- 
dustry for several reasons: (1) They are 
important causative agents in mastitis, 
second only to streptococci in this respect; 
(2) they may lower the quality of the herd 
milk by causing high leucocyte and high 
bacterial counts; and (3) “Available evi- 
dence suggests that under certain condi- 
tions some strains of udder staphylecocci 
may be capable of producing substances 
toxic to man.” Little and Foley” state, 
“Mastitis associated with staphylococci, 
although less common than _ streptococcic 
mastitis, may occasionally become very 
acute,” and “The affected animal may com- 
pletely recover, or a partial or serious in- 
jury to the diseased quarter may remain, 
or death may occur.” 

Guillebeau!® found that staphylococci 
were responsible for severe udder inflam- 
mations and that some types liquefied gela- 
tin. Jones'! considers that next to strep- 


ck, W.: Schweiz, Arch. f. Tierh., lxii (1920), 

5. Cited by Plastridge et al.§ 

istridge, W. N., Weirether, F. J., and Wil- 
L. F.: Observations on staphylococci asso- 

{ with bovine mastitis. J. Bact., xxxi (1936), 

8-89, 

tle, R. B., and Foley, E. J.: Staphylococci 
ated with mastitis. J.A.V.M.A, Ixxxvii (1935), 


lillebeau, A.: Studien tiber die Milchfehler und 
entzundungen bei Rindern und Ziegen. Landw. 
Ji Schweiz., iv (1890), p. 27. Cited by Little 
i ‘oley.® 
es, F. S., and Little, R. B.: The bactericidal 
ty of cow’s milk. J. Exp. Med., xiv (1927), 


tococci the micrococci were most frequently 
involved in mastitis, producing, as a rule, 
mild inflammation in which the secretion 
contained flakes for a day or two, followed 
by recovery and frequently by the disap- 
pearance of the organisms from the secre- 
tion. In a few instances micrococci were 
associated with acute mastitis which be- 
came chronic. The cultures possessed the 
usual characteristics of S. awreus and S. 
albus. Minett'!* reported that “cases of 
mastitis, acute and chronic, caused by 
pathogenic staphylococci (S. awreus) have 
been found to be of such a nature as to be 
confused with mastitis caused by strepto- 
cocci. . . . In its commonest form the dis- 
ease is chronic with stroma being ulti- 
mately involved. Enduring infection leads 
to diffuse induration of the gland with 
some decrease in milk yield and qualitative 
changes in the milk and excessive alkalin- 
ity, increase in leukocytes, a lowered spe- 
cific gravity, and solids-not-fat content.” 
Hopkirk!* observed several herds in New 
Zealand in which staphylococcic mastitis 
was as common as the streptococcic form. 


It is not difficult to reproduce the disease 
in healthy animals with pure cultures iso- 
lated from infected animals. Little and 
Foley® have shown that staphylococci as- 
sociated with abscesses of the skin of the 
udder, when introduced into the udder, are 
capable of producing an acute severe in- 
fection presenting the same clinical mani- 
festations of disease as occur in field cases. 
Carpenter! inoculated 2 cc. of 24-hour 
broth culture of nonhemolytic S. aureus, 
obtained from a case of mastitis, into the 
udders of three heifers and two cows. Four 
animals reacted severely, showing a high 
temperature with loss of appetite for 36 
hours following the inoculation. Ten days 
later, one cow died from septicemia result- 
ing from the infection of the udder and at 
autopsy staphylococci were isolated from 

2Minett, F. C.: Studies on bovine mastitis. XII. 


Mastitis due to staphylococci. J. Comp. Path. & 
Therap., 1 (1937), p. 181. 


’Hopkirk, C. S. M.: Research report. New Zea- 
land Dept. Agr. (1935). Cited by Plastridge et al.* 


“Carpenter, C. M.: Experimental production of 
bovine mastitis with streptococci and other bac- 
teria. J. Inf. Dis., xxxi (1922), p. 1. 


a 


all the tissues of the body. In three ani- 
mals abscesses appeared in the udders. 


PROPERTIES OF THE 
STAPHYLOCOCCI ISOLATED 


3acteriologic study of the milk of nor- 
mal cows has revealed that staphylococci 
constitute the major part of the normal 
udder flora and that such microérganisms 
were nonpathogenic. Later work revealed 
that some strains of staphylococci were 
capable of inducing a mild or severe mas- 
titis. It, therefore, became a problem in 
fundamental research to determine the 
properties which distinguish the patho- 
genic from the nonpathogenic strains. Such 
research is fundamental to the diagnosis 
and control of staphylococcic mastitis. 

Since the work of Dudgeon’ (1908) and 
others, many workers regard all staphy- 
lococci as members of one species. The 
pathogenic strains possess properties which 
distinguish them more or less from the 
nonpathogenic strains. In passing from 
pathogenic types to the nonpathogenic 
types, every degree of variation occurs with 
a progressive weakening of pathogenicity 
and biochemic activity until reaching the 
saprophytic type commonly found in the 
skin, in the udder of cows, and in dust. 

The properties which are of greatest 
diagnostic value in differentiating the 
pathogenic types from the nonpathogenic 
types are (1) hemolysin production, (2) 
blood-plasma coagulation, (3) gelatin lique- 
faction, (4) violet or orange color on 
crystal-violet agar, (5) mannitol fermenta- 
tion, (6) changes of litmus milk, and (7) 
‘abbit-skin reactions. 

Hemolysin Production.—-S. aureus pro- 
duces two distinct toxins—alpha and beta. 
Minett'® found that beta toxin production 
is a characteristic feature of hemolytic 
staphylococci of animal origin. Most of 
the cultures obtained from bovine mastitis 
produce alpha and beta toxin or beta toxin, 
and a few produce alpha toxin only. Be- 
cause ox blood is susceptible to both alpha 


“Dudgeon, L. S.: The differentiation of the 
staphylococci. J. Path. & Bact., xii (1908), pp. 242- 
257. Cited by Plastridge et al. 

“Minett, F. C.: Staphylococci from animals with 
particular reference to toxin production. J. Path. 
& Bact., xlii (1936), p. 247. 
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and beta hemolysis, Minett recommen: s jt 
for use in blood-agar plates for the i-ola- 
tion of pathogenic staphylococci from milk. 
Plastridge et al® observed a fairly close 
correlation between the ability of cultures 
to hemolyze cow’s blood and high leucocyte 
counts in milk. In a later report Piast. 
ridge et al'? concluded that the nonhemo- 
lytic strains produce a mild irritation of 
the udder, whereas the hemolytic strains 
produce irritation sufficient to cause a 
marked increase in leucocyte count and 
chloride content of the udder secretion. 
Hopkirk'* reported that the nonhemolytic 
staphylococci were occasionally found to be 
associated with a mild mastitis character- 
ized by an increased output of leucocytes, 
Of 20 cultures from bovine mastitis studied 
by Bryce and Rountree,'*® three produced 
alpha hemolysin, seven beta hemolysin, five 
alpha and beta, and five were nonhemolytic. 
They also observed that ox blood was hem- 
olyzed by both alpha and beta hemolysins. 
Julienelle'® found that in general the least 
hemolytic of cultures he studied were the 
least virulent; however, some strains giv- 
ing rapid hemolysis were saprophytic. 

Chapman eft al’? have concluded that “a 
knowledge of the hemolytic activity of 
staphylococci is insufficient as a _ single 
serologic test of pathogenicity of this spe- 
cies.” As shown in table I, twelve of the 
14 animals with acute mastitis in our study 
gave hemolytic staphylococci; eleven gave 
beta hemolysin and one alpha hemolysin; 
two of the animals gave nonhemolytic 
staphylococci. 

Not all of the staphylococci isolated 
from this group of mastitis cases which 
gave hemolysis on ox-blood plates were cap- 
able of hemolyzing ox blood in tryptose 
broth. Plastridge et al* made similar ob- 


7Plastridge, W. N., Anderson, E. O., Williams 
L. F., and Wierether, F. J.: Infectious bovine mas- 
titis. 7. Characteristics of udder staphylococci 
Connecticut (Storrs) Agr. Exp. Sta. Bul 23! 
(1939). 

Bryce, L. M., and Rountree, P. M.: The pro- 
duction of B-toxin by staphylococci. J. Pah. & 
Bact., xliii (1936), pp. 173-189. 

~Julienelle, L. A.: Studies on hemolytic sta; hylo- 
cocci. Hemolytic activity—biochemical react °ns— 
serologic reactions. J. Inf. Dis., xxxi (1922), PP. 
256-284. Cited by Plastridge et al.'* 

“Chapman, G. Berens, C., Peters, A and 
Curcio, L.: Coagulase and hemolysin tests as eas 
ures of the pathogenicity of staphylococci. J. act, 
xxviii (1934), pp. 343-363. 
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ser tions on their study of 465 cultures. 
Of hese, 145 produced weakly hemolytic 
ies on blood agar and hemolyzed blood 
br 1; 67 produced weakly hemolytic colo- 
nic. but failed to hemolyze blood broth. 
od-Plasma Coagulation. — Some 
str.ins of staphylococci produce a 
plasma-clotting substance known as coagu- 
lase, Which is probably independent of 
hemolysin. Cruickshank?! concluded that 
because coagulase was found to be present 
more constantly in actively pathogenic 
stre us of staphylococci than hemolysin, 
the cuagulase test should be used as a rou- 
tine test for pathogenicity. Chapman et 
al concluded: “A determination of coagu- 
lase activity is an important adjunct to the 


hemolysis test. Coagulating strains are 


usually pathogenic regardless of their 
hemolytic activity.” Plastridge et 
state that their “results show that the 
coagulase test, when made with human 


plasma, is effective in separating cultures 
of udder staphylococci which possess little 
or no pathogenicity from those which pos- 
sess a relatively high degree of irritating 
ability for the bovine udder. The test was 
equally efficient when applied to nonhemo- 
lytic, weakly hemolytic and hemolytic cul- 
tures... . The ability of recently isolated 
udder staphylococci to coagulate human 
plasma was found to be more closely re- 
lated to irritating ability than any other 
property. They found that bovine plasma 
is decidedly less sensitive to the coagulase 
of udder staphylococci than is human 
plasma and that rabbit’s blood plasma may 
be used in place of human plasma. Our 
studies have confirmed this observation 
and we have discontinued the use of ox- 
blood plasma, substituting in its place rab- 
bit- lood plasma. Ten of the 14 strains 
rep cted in this series produced “coagu- 
lase for rabbit’s blood. 

( ‘latin Liquefaction.—Staphylococci 
wi liquefy gelatin show a tendency to 
be ore irritating to the bovine udder 
tha nonliquefying strains, according to 
Pla vidge et al,17 but the relation of the 


© iickshank, R.: Staphylocoagulase. J. Path. 
« i , Xlv (1937), p. 295. Cited by Plastridge 


gelatin-liquefying properties of udder sta- 
phylococci to evidence of mastitis was not 
sufficiently close to justify the use of the 
gelatin liquefaction test alone as evidence 
of pathogenicity. In this study approxi- 
mately 50 per cent of the cultures were 
able to liquefy gelatin. 

Violet or Orange Color on Crystal-Violet 
Agar.—Chapman and Berens** reported 
that when crystal violet was added to solid 
media, it was noted that strains reacting 
positively to hemolysis and coagulase tests 
produced violet growths, or golden growths 
tinged with violet, while those strains 
which reacted negatively to hemolysis and 
coagulase tests produced white or pale 
growths. Plastridge et al'™ were somewhat 
disappointed with this test because the 
proportion of coagulase-negative cultures 
which gave violet-colored growth was 
larger than expected——77.3 per cent—and 
the proportion of coagulating cultures re- 
corded as positive was smaller than ex- 
pected — 85.5 per cent. We were likewise 
disappointed with this test, as only 50 per 
cent of our cultures which were positive 
on rabbit plasma gave _ violet - colored 
growth on crystal-violet media. 

Mannitol Fermentation.—Plastridge et 
al,{* in their studies on pathogenic and 
nonpathogenic staphylococci, concluded that 
inability to ferment either lactose or man- 
nitol alone usually indicates relatively iow 
virulence, but that ability to act upon the 
two carbohydrates is not limited to cultures 
of relatively high virulence. Eight of the 
14 cultures obtained from our mastitis 
cases fermented mannitol. 

Changes of Litmus Milk.—Plastridge et 
al'* concluded that for practical purposes 
their results show that udder staphylococci 
which fail to alter litmus milk or whici 
cause peptonization only usually possess 
slight, if any, irritating ability for the bo- 
vine udder. All of our cultures were cap- 
able of changing litmus milk. However, 
as pointed out by Plastridge, the differ- 
ential value of reactions produced in litmus 
milk by udder staphylococci is limited, be- 


2Chapman, G. H., and Berens, C.: Crystal violet 
agar as a differential medium for staphylococci. 


J. Bact., xxix (1935), p. 437. 
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cause a large percentage of nonpathogenic 
strains also acidify litmus milk. 


Rabbit-Skin Tests.—Preliminary studies 
indicate that intracutaneous injection into 
rabbits of cultures of S. awreus may be of 
value in the differentiation of pathogenic 
and nonpathogenic strains of the organ- 
ism. Some pathogenic strains produce a 
much larger skin lesion than others. This 
is due to the so-called spreading factor 
produced by the organism, which has been 
described by Duran-Reynals.** The results 
of this test are recorded in table I as nega- 
tive, 1+-, 2+, 3+, and 4+, which are in- 
terpreted as follows: A negative reaction 
is one in which there apears a slight 
amount of erythema at the point of injec- 
tion with no abnormal swelling, except that 
formed by the formation of the bleb which 
disappears in two or three days. A 1+ 
reaction is one in which there appears an 
increase in the amount of erythema with 
abscess formation and swelling over an 
area not exceeding 1 to 1'2 cm., and which 
persists for seven to ten days. A 24 re- 
action is one in which the swelling and 
erythema does not exceed that of a 1+ re- 
action, but in which slight necrosis is ob- 
served at the point of injection which per- 
sists for ten to 14 days. A 3+ reaction 
is one in which the swelling and erythema 
extends over an area 1'2 cm. by 3cm. The 
area of necrosis may involve one third of 
the area of the abscess and the reaction 
may persist for two or three weeks. A 4-+ 
reaction is one in which the area of swell- 
ing and erythema extends over an area 4 
cm. by 6 cm. or over. The area of ne- 
crosis involves two thirds of the area of 
the swelling, and the reaction persists for 
three or four weeks. All of the cultures in 
this study except one gave positive reac- 
tions when injected into the skin of rab- 
bits. As this study was not made until 
some of the cultures had been held for some 
time in the laboratory, these may have lost 
some of their pathogenicity. 


*’Duran-Reynals, F.: Studies on a certain spread- 
ing factor existing in bacteria and its significance 
for bacterial invasiveness. J. Exp. Med., _Iviii 


(1933), pp. 161-181. 


Cited by Bronfenbrenner and 
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AGGLUTINATION REACTIONS 


All of the animals reported in this s udy, 
which were shown to be infected with S. 
aureus, developed positive agglutination 
reactions with S. awreus antigen. As some 
of the animals were treated with bacteri- 
ophage prior to testing the blood serum 
for the presence of S. aureus agglutinins. 
we have eliminated from this consideration 
animals so treated because of the possi- 
bility that the bacteriophage may influence 
the agglutination titer. For purposes of 
comparison the blood sera of noninfected 
heifers and young bulls were tested for §. 
aureus agglutinins. The results of this 
study are shown in table III. 

In some of the infected animals the spe- 
cific agglutinins did not appear in the blood 
stream until some little time after the on- 
set of the mastitis. This test, therefore, is 
not always an aid in early diagnosis of 
staphylococcic mastitis. Furthermore, since 
staphylococcic infections involving other 
parts of the body, as an infected foot, etc., 
give rise to the production of  staphy- 
lococcic agglutinins, a positive reaction 
may not indicate necessarily an udder in- 
fection. 


BACTERIOPHAGE ACTION 


All of the strains of staphylococci iso- 
lated in this group of clinical cases were 
lysable by our polyvalent S. aureus bac- 
teriophage. This property gives promise 
of possessing diagnostic value in differ- 
entiating pathogenic and nonpathogenic 
strains. In a recent survey the milk of in- 
dividual quarters from 150 cows examined 
on ox-blood plates gave 114 S. aureus cul- 
tures. All of these cultures were subjected 
to the action of polyvalent staphylococcus 
bacteriophage for their lysogenic proper- 
ties. Eighty-two of the cultures were lys- 
able and 32 were nonlysable. Prelim:nary 
skin tests in rabbits appear to incicate 
that the lysogenic cultures are more patho- 
genic than the nonlysogenic cultures. The 
lysable strains produced an extensive area 
of inflammation with marked necros s 4s 
compared with the nonlysable stains 
which produced local erythema with only 
slight or no necrosis. These prelim nary 
studies also indicate no definite corre! :tion 
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TABLE IIl—Agglutination Reactions 


1:50 | 1:100 | 1:200 
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1+ ++ 4+ 
$+ 4+ 3+ 
$+ 4+ | 3+ 
4+ 4+ 4+ 
t+ | 24 
NONINFECTED 

2+ 1+ 

Bu 2+ 1 + 

B 1+ 

B 1+ 

H 1 + 

H 2 2+ 1+ 

He 1 + 

H = 


between the hemolytic and lysogenic prop- 
erties of the udder staphylococci. Of the 
82 lysable cultures, 18, or 21.9 per cent, 
were nonhemolytic, whereas of the 32 non- 
lysable cultures, 15, or 46.8 per cent, were 
hemolytic. It is planned to report this 
study when the work is finished. 


STREPTOCOCCI ISOLATED 


The streptococci isolated from this group 
of clinical cases of mastitis in heifers are 
shown in table IV. Typical mastitis strep- 
tococci (Streptococcus agalactiae) were iso- 
lated in only one heifer with clinical mas- 
titis. This heifer (No. 480) was observed 
on June 16, 1939, to have a swollen udder, 
involving the left side. The left fore quar- 
ter contained a thick, pus-like exudate 
which gave a pure culture of a beta hemo- 
lytic streptococcus, producing minute, pin- 
point, slow-growing colonies (table IV, 
W2801). The left rear quarter contained 
amore fluid exudate which gave a pure cul- 
ture o£ S. aureus. Bacteriophage, specific 
ffor ooth organisms, was produced and 
treat ent with the mixed bacteriophage 
was ‘arted on June 23. Before the bac- 
terio. was injected, samples of the 
exud’ e were collected. Both involved 
(uar’ rs gave pure cultures of S. awreus. 
She ceived daily injections of the mixed 
phag. for seven days. The swelling and 
amou * of exudate rapidly subsided in both 
(uart -s, the exudate became sterile and on 


ANIMALS 


the seventh day her recovery was consid- 
ered complete. On August 7, 1939, the left 
fore quarter was again observed to be 
swollen. The exudate gave a pure culture 
of an alpha prime hemolytic streptococcus, 
which upon the Lancefield precipitin test 
and the rapid tube agglutination test 
proved to be group B (table IV, W28d2). 
Lancefield group C_ streptococci were 
found in two of the heifers. In one heifer 
(No. 426) this was the only organism iso- 
lated. In the second heifer (No. 478) this 
organism was isolated from the right rear 
quarter. The swelling in this quarter was 
hard, hot and painful. The remaining 
quarters were less swollen, soft and gave 
a watery, straw-colored exudate. These 
quarters gave pure cultures of S. aureus. 
From the udder exudate in seven heifers 
with clinical mastitis an unusual strepto- 
coccus was isolated. In three of the ani- 
mals this was the only organism isolated. 
In three others the organism was isolated 
in pure culture from certain quarters, 
whereas S. aureus was found in other quar- 
ters. In one animal it was mixed with S. 
aureus. This unusual streptococcus ap- 
pears to be an organism not previously 
described, although it resembles in some 
respects the minute streptococci of human 
origin reported by Long and Bliss.** One 
strain W41 obtained in pure culture from 
animal 479 (see pages 20-21), which is 
typical for the group, reproduced mastitis 
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TABLE IV—Streptococci Isolated from Heifers 
| | 
Litmus 
| | | 
| 
} ISOLATION | CoLoNies ON Ox-BLoop = STERILE \ 
pe TRYPTOSE AGAR Serum | 
| =| 5 | } 
5 | 
L-4 |Pureculturein RR;|Short chains |a hemolysis; minute pin-) A + : Stimulated Unclassified 
mixed with small cocci | point, slow-growing rapid growth | not A, Be 
Staph. aureus in 
RF | 
I 
. 482. |Pure culture in LR/Short chains |a hemolysis; minute pin-| A + Stimulated | Unclassified { 
| small cocci point, slow-growing rapid growth | not A, Bo . 
479 |Pure culture in RF|Short chains |a hemolysis; minute pin-| A | +| +/+ } Stimulated | Unclassified t 
small cocci point, slow-growing | | rapid growth | not A, Bor 
| 
480 (Pure culture in LF;)Short chains |8 hemolysis; minute pin-} A 4) 4 Stimulated |Unel ussified C 
W28d1 fark. aureus in| small cocci point, slow-growing | rapid growth | not A, Bor } 
B-3 |Pure culture in LR/Short chains ja hemolysis; minute pin- A +| + Stimulated Ba Unclassified ‘ 
smali cocci point, slow-growing rapid growth not A, B or a 
446 =|Pure culture in RR|Short chains |a hemolysis; minute pin-| A | + + Stimulated Unclassified 
and LF; Staph small cocci point, slow-growing rapid growth not A, Bor a 
aureus in LR C d 
|Mixed with Staph. |Short chains |a hemolysis; minute pin-| A 4) +/ +/Stimulated Unclassified 0 
aureus small cocci point, slow-growing rapid growth not A, B or 
Cc ‘ 
a 
480 |Pure culture in LF |Long chains ja hemolysis; rapid A +| + | + Rapid growth |B n 
W28d2 in pairs growth without 
serum | n 
426 |Pure culture in LR |Short chains a hemolysis; slow- 3 A $ Stimulated |e 0 
|} small cocci growing rapid growth | ‘ h 
4178 |Pureculturein RR;|Long chains |a hemolysis; minute slow-| A + + Stimulated ic 
others Staph. in pairs growing rapid growth | 
aureus 
when injected into the udder of a normal of hemolysis, others produce a small zone ‘ 
heifer. of incomplete hemolysis, and others pro f 
Considered as a group, the growth on duce a slight discoloration of the blood, 
blood-agar plates (tryptose agar plus 10 accompanied by a small superficial zone of : 
| per cent citrated Ox blood) of these organ- hemolysis. R 
’ isms is characterized by the minute char- The shape of the surface colonies is t 
acter of the colonies. The diameter of ¢jreylar and convex. When viewed with 
' surface colonies does not exceed 1 mm. The the low-power magnification, the edge is 
rate th entire, the surface is glistening and the it- 
y om ate ternal structure is finely granular. The 
rom e intectead animais 1S streake on 4 ( 
morphology of the cells was observed from 
the blood plates. There is no perceptible 12-hour Ci 
Gram’s stain preparations of 48-hol 
growth within the first 24 hours of incuba- oe f 
growth on blood-agar plates. The cells art 
tion at 37° C. However, after 48 hours of 0) 
small and spherical or ovoid, occurring 
incubation, the colonies appear as small, than 
pairs or short chains of not more tha 
pin-point growths with little or no change elon: 
: F eight to ten cells. When the cells are elo! 
of the blood. Upon further incubation 
ai ; gated, the axis of the cells is usu:lly 
some of the strains produce a small zone : ; Gram 
the axis of the chain. They are Gral 
“Long, P. H., and Bliss, E. A.: Studies on minute $4200 \" 
hemolytic streptococci. J. Exp. Med., Ix (1934), positive. 4 al 
p. 619, The fermentation reactions in ¢f2ner 
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tt in agreement. Mannitol was fer- 


wert 
me! by three of the seven cultures of 
the | .usual streptococcus. All of the cul- 


tures except one were negative in inulin, 


salic sorbitol and aesculin. Trehalose 
was ‘ermented by five of the cultures and 
negative in two. Sodium hippurate was 
hvd zed by six of the seven cultures. 
The reaction in litmus milk was character- 
ized by some variability in the ability to 


reduce litmus and to coagulate the milk; 
however, all cultures produced acid in this 
medium, which indicates their ability to 
ferment lactose. 

The antigenic constitution of all strep- 
tococci isolated from the heifers was 
studied by means of the Lancefield*’ pre- 
cipitin test and the rapid tube agglutina- 
tion test as reported by Stableforth.*° One 
of the cultures was established as group B, 
and two cultures were group C. None of 
the seven remaining cultures reacted with 
any of the sera of groups A, B and C. An 
antiserum of high titer against culture W41 
obtained in pure culture from heifer 479 
and which reproduced the disease in a nor- 
mal heifer was prepared according to the 
method of Lancefield. Four of the cultures 
of the unusual streptococcus found in the 
heifers gave a positive reaction to this 
serum. In three of these animals (Nos. 
182, 479 and B3) this was the only organ- 
ism isolated. In one heifer (No. 480) it 
was isolated in pure culture from one in- 
fected quarter. Three of the heifers were 
members of the herd of farm I and one 
was a member of the herd of farm III. 
Studies are now under way in an endeavor 
to establish the Lancefield group of these 
organisms. 


Pathology 
Fi\rosis was the most pronounced patho- 
logic change observed in this series of 
cast In some of the heifers the lacti- 


fer sinuses and ducts were completely 
oblit -ated by proliferated connective tis- 
sue. In some animals the ducts became 


field, R. C.: A serological differentiation 
and other groups of hemolytic strepto- 
Exp. Med., Ivii (1933), pp. 571-595. 


5 forth, A. W.: Studies on bovine mastitis. 
Vil e serological characteristics of mastitis 
stre ci. J. Comp. Path. & Therap., xlv (1932), 
Dp 11, 
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completely closed, leading to the condition 
which dairymen term “blind” quarters. On 
gross examination the alveoli appeared to 
have undergone atrophy and there was ex- 
cessive proliferation of connective tissue 
throughout the interlobular spaces. The 
fibrosis could be distinctly palpated in the 
living animal. In animal 441, which de- 
veloped a swollen left fore quarter about 
three weeks before calving, it was impos- 
sible to remove the milk from this quarter 
after calving because of the extensive 
fibrosis. The right fore quarter was simi- 
larly involved and the teat duct was com- 
pletely occluded. Microscopic examination 
of these quarters revealed some portions 
of the gland were microscopically normal. 
Other portions showed inflammatory reac- 
tions characterized by interlobular infiltra- 
tion of polymorphonuclear leucocytes and 
recent proliferation of interlobular connec- 
tive tissue cells. 

Two of the heifers developed gangrenous 
quarters. In animal 446 both right quar- 
ters were almost entirely necrotic at the 
time of slaughter. Microscopic examina- 
tion revealed only the outlines of the 
glands, with only blood vessels, connective 
tissue strands and fat tissue remaining. 
Details of cellular structure were lost. 
Numerous bacterial colonies were present 
within the acini. A few viable connective 
tissue cells had undergone proliferation 
around some of the blood vessels. Numer- 
ous polymorphonuclear and large mononu- 
clear leucocytes were diffusely infiltrating 


the tissue. 
Treatment 


Since mastitis is not a specific infectious 
disease caused by a single variety of micro- 
organism, but may be caused by a wide 
variety of microérganisms, it is important 
in discussing the treatment of this disease 
to indicate the specific bacterial type of 
mastitis which is being treated. The bac- 
teriophage employed in treating this series 
of cases was specific, in every instance, for 
the type of infection found in the animal. 

In staphylococcic mastitis natural recov- 
ery in mature cows has been observed by 
several workers. Jones** has reported the 


“Jones, F. S.: Studies in bovine mastitis. IIT. 
Infection of the udder with micrococci and other 
microérganisms. J. Exp. Med., xxviii (1918), pp. 
721-734. Cited by Plastridge et al. 
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presence of an inhibitory substance in the 
milk against udder staphylococci. We have 
observed natural recovery in mature cows 
infected with staphylococcic mastitis, and 
in the milk of these animals we were able 
to demonstrate an inhibitory (lysogenic) 
substance which was unquestionably a bac- 
teriophage. In the heifers, which were in- 
fected with S. aureus, the bacteriophage 
specific for the staphylococcus carried in 
their udders could not be demonstrated ex- 
cept in one heifer which was milking at the 
time of becoming infected. 

Clinical experience with udder infections 
in heifers indicates that unless the infection 
is destroyed early in the disease, the udder 
will be seriously damaged by fibrosis and 
possibly necrosis. As treatment with warm 
fomentations and frequent stripping of the 
infected quarters was not successful in pre- 
venting the proliferation of connective 
tissue and since natural bacteriophage was 
demonstrated in the milk of mature cows 
infected with S. aureus, it was decided to 
try treating the infected heifers with bac- 
teriophage specific for the type of infection 
found in each infected heifer. We know 
of no previous work where bacteriophage 
therapy has been employed in infections of 
the udder. Bronfenbrenner and Sulkin** 
failed to detect any therapeutic effect of the 
bacteriophage in the treatment of staphy- 
lococcic skin infection in experimentally in- 
fected animals. 

Daily injections of a bacteriophage, giv- 
ing a 4+ lysis against the specific staphy- 
lococcus or streptococcus carried by the 
animal, into the lactiferous sinus were 
followed by rapid recovery in the infected 
heifers with nonfunctioning udders in all 
but one animal. In heifers with function- 
ing udders the bacteriophage therapy was 
of doubtful value. The bacteriophage, in 
most instances, was well tolerated by the 
animals. It was injected under aseptic 
precautions directly into the lactiferous 
sinus via the teat duct in doses of 2.5 ce. 
to 10 ce. in heifers with nonfunctioning 


*Bronfenbrenner, J., and Sulkin, S. E.: Bacterio- 
phage therapy. i. Effect of bacteriophage on 
cutaneous staphylococcus lesions in rabbits. J. Inf. 
Dis., Ixv (1939), p. 53. 


udders and in much larger doses in hoifers 
which were secreting milk. In the majority 
of animals no reactions were observed fol- 
lowing the introduction of the bacterio. 
phage in the udder. A few heifers develope; 
edematous swelling of the udder shortly 
after receiving the bacteriophage. Theg 
swellings subsided within 24 hours. [Ip 
two heifers, which developed swelling of 
the udder following the injection of bae. 
teriophage, the swelling did not subside 
rapidly. Heifer 479, in which the exudate 
gave a.pure culture of an alpha hemo. 
lytic streptococcus producing minute, pin- 
point colonies, developed a_ pronounced 
swelling of the udder which terminated jp 
multiple abscess formation. Heifer 446, 
which developed mastitis at calving time 
due to a mixed infection consisting of 
S. aureus and a streptococcus producing 
minute, pin-point alpha hemolytic colonies, 
developed a pronounced swelling of the 
udder which terminated in necrosis. These 
unfavorable reactions may have been caused 
by the “spreading factor’ which has been 
described by Bronfenbrenner and Sulkin.” 

Two methods of preventive treatment 
have been followed. 


1) Segregation of infected animals: In 
herds where staphylococcic or streptococcic 
mastitis is a problem, an attempt may be 
made to contro] the spread of the infection 
by frequent bacteriologic examinations of 
the milk of ali cows and the udder secre- 
tions of all heifers showing abnormal swell- 
ings of the udder upon ox-blood agar. As 
many cows carry in their udders staphy- 
lococci which are nonpathogenic, research 
should be continued in an effort to devise 
tests whereby the carriers of pathogenic 
strains of staphylococci may be differenti- 
ated from those carrying harmless strains 
of the microérganism. The ox-blood-aga! 
plates, rabbit-blood-plasma coagulation, the 
presence of alpha hematoxin, and the rab 
bit-skin test offer the best means available 


for detecting carriers of pat! ogenit 
staphylococci. For the pathogenic stref- 
*Bronfenbrenner, J., and Sulkin, | .: Bae 


teriophage therapy. III. On the natur of th 
deleterious effect of the local application © staphy- 
locoeccus bacteriophage. J. Inf. Dis., Ixv (199): 
p. 64, 
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toco -i primary isolations should be made 
upo) ox-blood agar followed by a study of 
the ermentation reactions and their anti- 
gel constitution. In three of our experi- 
il herds we are endeavoring to control 
tis by frequent ox-blood-agar plating 
he other tests and segregation of the 
ted animals. Plastridge et al*® have 
concluded from their studies on pathogenic 
udder staphylococci that “in the routine 
examination of milk, udder staphylococci 
which produce hemolytic colonies on cow’s 
blood or which are associated with leu- 
cocyte counts of 50,000 or more per cc., 
may be considered as probably pathogenic, 
provided that high leucocyte counts result- 
ing from early or late lactation are ex- 
cluded.” 

2) External application of bacterio- 
phage: On one farm in a lot of 31 yearling 
heifers in which several cases of mastitis 
appeared, an attempt was made to prevent 
the spread of the infection by spraying the 
with bacteriophage. The heifers 
were on pasture and as flies were observed 
to be present at times on the teats, it was 
suspected that these vectors may be respon- 
sible for the spread of the infection. Sev- 
eral workers have incriminated flies in the 
spread of mastitis. In work not yet re- 
ported, Dr. Harry E. Ewing, Jr., of this 
department, tested 152 flies trapped in a 
dairy barn which housed 61 milking cows, 
34 of which were shedding mastitis strep- 
tococei (Str. agalactiae), five were shedding 
pathogenic S. aureus, one was shedding both 
streptococci and staphylococci, and 21 were 
mastitis negative. No mastitis streptococci 

found on any of the flies, but two flies 
ed pathogenic S. aureus. Nonpatho- 
strains of S. aureus were found on 
of the flies. Sanders*® recently suc- 
d in transmitting mastitis from in- 
| to experimental noninfected cows by 
‘ommon housefly, Musca domestica. 
oncluded that the “results of these 
show conclusively that M. domestica 
atural vector of bovine mastitis.” 


udders 


ders, D. A.: Musca domestica a 
mastitis (preliminary report). 
1940), pp. 120-122. 


vector of 
J.A.V.M.A., 


A large supply of polyvalent bacterio- 
phage giving a 4+ lysis for all strains of 
microérganisms isolated from these heifers 
was produced and applied twice weekly by 
means of an atomizer. The value of this 
treatment can not be determined accurately 
as no heifers were left untreated as con- 
trols. In the group of 31 heifers, three 
animals developed mastitis before the ex- 
ternal treatments were started; three clin- 
ical cases developed subsequently; two had 
damaged udders (“blind” quarters) when 
fresh, indicating early infection although 
they showed no clinical mastitis; and 23 
have freshened with normal udders. 


Summary and Conclusions 

1) Mastitis was studied in heifers in 
three dairy herds. In one herd the disease 
assumed epizoétic proportions, whereas in 
the other two herds only sporadic cases 
occurred. 

2) In herd I, mastitis appeared suddenly, 
during the summer of 1938, in the mature 
cows of the herd and later in the heifers. 


3) Twenty heifers were known to have 
been infected in herd I, four in herd II, 
and two in herd III. 


4) Staphylococcus aureus was the pre- 
dominating causative agent. 


5) Streptococci were isolated from the 
udder exudate of infected quarters in ten 
heifers. 

6) In four heifers streptococci were the 
only organisms isolated; in five heifers 
streptococci were isolated in pure culture 
from certain infected quarters, whereas 
other infected quarters gave pure cultures 
of S. aureus; and in one heifer the strep- 
tococci were mixed with S. aureus. 


7) Of the ten heifers infected with 
streptococci only one gave typical mastitis 
streptococci (Lancefield group B), two heif- 
ers gave Lancefield group C streptococci, 
and seven heifers gave an unusual strep- 
tococcus. 


8) The unusual streptococcus appears to 
be an organism not previously described in 
connection with mastitis. 
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9) Of the seven heifers giving the new 
streptococcus, this was the only organism 
isolated in three heifers; in three others 
it was isolated in pure culture from certain 
quarters and S. aureus in other quarters; 
and in one heifer it was mixed with 
S. aureus. 


10) The new streptococcus was capable 
of reproducing mastitis in an experimental 
heifer. 


11) Culturing the milk or exudate upon 
ox-blood-tryptose-agar plates was found to 
be the most satisfactory method for the 
isolation of pathogenic streptococci and 
staphylococci. 


12) Abnormal swelling of the udder of 
heifers may be physiologic or pathologic; if 
physiologic, the exudate is usually more 
viscid, may clot upon standing, and upon 
bacteriologic examination will be sterile. 


13) A few of the infected heifers gave 
no indications of being infected until calv- 
ing time, when they freshened with one 
or more “blind” quarters. 


14) Udder infections in heifers with 
pathogenic staphylococci or streptococci, 
unless destroyed by natural recovery or by 
treatment, produce’ serious’ pathologic 
changes in the udder. 


15) Fibrosis was the most common path- 
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ologic change in this group of anirals: 
necrosis of the infected quarters occi rreq 
in two heifers, and abscess formatior oe. 
curred in one heifer. 


16) When the fibrosis is well established 
the lactiferous sinus and sometimés the 
teat duct become obliterated by proliferated 
connective tissue producing what dairymen 
term “blind” quarters. 

17) Natural recovery was observed in 
mature cows infected with staphylococc : 
mastitis. 

18) Generalized infection following mas- 
titis, in which S. aureus was isolated in 
pure culture from the blood stream, was 
observed in one heifer. 


19) In natural recovery in mature cows 
with staphylococcic mastitis bacteriophage 
specific for the invading organism was dem- 
onstrated in the milk. 


20) Treatment consisting of frequent 
stripping of the infected quarters and the 
application of warm fomentations was un- 
successful in promoting recovery in heifers 
with nonmilking udders. 


21) Bacteriophage therapy gave satisfac- 
tory results in infected heifers with non- 
functioning udders, but was of doubtful 
value in infected heifers with functioning 
udders. 
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An Outbreak of Bovine Pseudorabies, or “Mad Itch’ 


C. C. MORRILL,} D.V.M., M.S., and ROBERT GRAHAM, B.S., D.V.M. 
Urbana, Ill. 


A FILTRABLE VIRUS indistinguishable from 
the virus of pseudorabies has been isolated 
for the first time in lilinois from the spinal 
cord of a clinically affected steer.! This dis- 
ease as previously reported in cattle in Iowa 
»y Shope* also is designated as “mad itch” 
infectious bulbar paralysis. The causa- 
tive virus, according to Shope,* is indis- 
tinguishable from that of Aujeszky’s dis- 
ease. Which has been recognized for many 
years in Europe. For a comprehensive re- 
view of the literature on this disease, the 
reader is referred to a relatively recent 
article by Galloway.* 

It is the purpose of this report to record 
certain field and laboratory observations 
made during a spontaneous outbreak of 
bovine pseudorabies with the view of assist- 
ing the clinician in prompt recognition and 
suppression of the disease. Attention is 
invited to the advantages of selecting a 
typically affected live animal for laboratory 
diagnostic studies. The disease was not 
identified in Illinois until a live affected ani- 
mal was supplied for study. However, a 
field autopsy might be performed and the 
spinal cord aseptically removed and brought 
to the laboratory for diagnosis. 

The identification of the virus of pseudo- 
rabies in cattle in Illinois conjectures the 
part played by this virus in analogous un- 
diagnosed syndromes in cattle which have 
been reported occasionally by Illinois vet- 
erinarians for more than a quarter of a 


ana 


m the Division of Animal Pathology and 
H e, University ‘of Illinois. 
gned to the Laboratory of Animal Pathology 


An¢ giene, University of Illinois, by the Illinois 


Sti epartment of Agriculture to assist in diag- 
vork, 
am, R., Morrill, C. C., and Boley, L. E.: 
B pseudorabies or “mad itch” virus.  Sci., 
x pp. 623-624, 
*s re, R. E.: “Mad itch” of cattle. Sci., Ixxii 
p. 559. 
e, R. E.: An experimental study of “mad 


ith special reference to its relationship to 
pse ibies. J. Exp. Med., liv (1931), pp. 233-248. 
Aujeszky’s disease. Vet. Rec., 
5-762. 


century. It is reasonable to believe that 
outbreaks of pseudorabies have been in- 
definitely or erroneously diagnosed in IIli- 
nois, as indicated by Murray® in Iowa. 
Furthermore, the epizoélogical features of 
the outbreak coming to our attention sup- 
port the belief in the active réle of the por- 
cine host as a carrier of the virus.* At the 
time of and preceding the development of 
the outbreak described herein, approxi- 
mately 75 apparently healthy hogs were in 
the feedlot with the cattle. All of the 
affected steers had been continuously fed 
in two lots with these animals. Following 
the removal of the hogs from the feedlot, 
only one clinical case of the disease de- 
veloped in cattle. For the remainder of the 
feeding period, the hogs were separated 
from the cattle but were allowed access to 
the lots vacated by the cattle in alternate 
weeks. 

It is also recognized that the rat may 
play a part in the epizoédlogy of pseudo- 
rabies and on premises where the disease 
occurs, this intermediate host should not be 
disregarded.‘ In fact, the alertness of the 
clinician in recognizing the clinical features 
of pseudorabies in cattle and the potential 
role of apparently healthy swine or of rats 
in perpetuating the disease may greatly in- 
fluence the extent of the losses sustained. 


HISTORY AND SYMPTOMS 


On February 12, 1940, a live Hereford 
steer, in good flesh and weighing about 
1,000 lb., was delivered to the Laboratory 
of Animal Pathology and Hygiene. Symp- 


5Murray, C.: Mad itch. Cornell Vet., xxiii 
(1933), pp. 303-305. 

*Shope, R. E.: Experiments on the epidemiology 
of pseudorabies. I. Mode of transmission of the 
disease in swine and its possible réle in its snread 
to cattle. J. Exp. Med., Ixii (1935), pp. 85-99. 

7Shope, R. E.: Experiments on the epidemiology 
of pseudorabies. II. Prevalence of the disease 
among middle western swine and the possible rdéle 
of rats in herd-to-herd infections. J. Exp. Med.., 
Ixii (1935), pp. 101-117. 
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Fig. |. Pseudorabies in a steer. Note the effort of the animal to bite himself and the area which he has 


been licking. 


toms were first noticed about eight hours symptoms. Although hyperesthesia was 
previously and, at the time of arrival at evident, no tendency to attack was mani- 
the laboratory, consisted of a slightly in- fested. At 3:30 p. m., the temperature was 
creased rate of respiration, frequent lick- 107.8° F. and the respirations at least 145 
ing and biting of the skin behind the left per minute and shallow. At this time the 
shoulder and over the left foreribs (fig. 1), animal seemed disposed to lie down (on the 
and occasional spasms of the diaphragm. right side) although he was still able to 
The rectal temperature was 103° F. In- rise. At 5:30 p. m., the temperature had 
quiry into the history of the patient re- risen to 109° F. Little change in respira 
vealed that six animals in the herd had tions was noted; however, a bloody froth 
within a few preceding days shown similar was observed about the mouth and nostrils 
symptoms. The disease in each case had and spasms of the diaphragm were more 
developed rapidly, terminating fatally with- frequent, occurring as often as five er six 
in a period of 24 to 48 hours. A tentative times each minute. It was decided to de 
diagnosis of pseudorabies was made and the _ stroy the animal for autopsy at 7:30 ». m. 
animal held for observation. 

At 9:00 a. m. the following day (Febru- 
ary 13), the respirations of the patient had On samples of jugular blood «awh 
in¢reased to 138 per minute; otherwise shortly after the animal arrived at th lab- 
there seemed to be little change in the oratory and on the day following, i was 
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det. mined that the total leucocyte and 


ery irocyte counts and the differential 
leu. cyte count were well within the normal 
ranve. The total non-protein nitrogen in 


the blood was found to be 41.1 mg. per 100 
ce. of blood. No blood ketones were demon- 


strated. A hyperglycemia present 
(107.35 mg. of blood sugar per 100 cc. of 
blood), the significance of which is not 
cle 
FINDINGS 

No significant gross lesions were ob- 


served except for a surprisingly mild pul- 


Fig. 2. Pseudorabies in the rabbit and guinea 

pig. Note the results of biting and scratching 

at the point of inoculation posterior to the left 

elbow and the suggestion of paresis of the left 
front leg in the animal on the left. 


monary edema and the lesions along the 
left side and back consisting chiefly of loss 
of hair, abrasion of the skin and subcu- 
taneous hemorrhage and edema. 


ANIMAL INOCULATIONS 


portion of each of the two blood 
samples drawn during the course of the 
was injected subcutaneously into 
two rabbits and two guinea pigs. All eight 
animals remained healthy. At autopsy of 
the steer, portions of the brain, the dorso- 
lum ar spinal cord, and the urine were 
obts ned in as aseptic a manner as possible 
and ome of each, after the necessary prep- 
arat on, was injected subcutaneously into 
two -abbits and two guinea pigs. All ani- 
mai receiving brain suspension or urine 
rem ned healthy; however, both rabbits 
(99, 1516) receiving the suspension of 
Spit cord succumbed within approxi- 
mat 80 to 86 hours and one guinea pig 
(15 succumbed in less than 96 hours. 


diss St 
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The second guinea pig (1520) remained 
healthy. 

Symptoms in rabbits consisted first of 
biting and scratching at the point of in- 
oculation (fig. 2). This increased until the 
term “mad itch” seemed well justified. 
Some would continue until they rolled over, 
exhausted, but with the teeth still grasping 
the skin. The result in each case was an 
abraded area up to several centimeters in 
diameter (fig. 3). Respirations increased, 
usually to at least twice the normal number. 
When not in the act of biting or scratching, 
the animals would lie with the nose held a 
little higher than usual and the head re- 
tracted and slightly inclined toward the 
affected side. An attitude suggesting pa- 
resis of the leg near which the virus had 
been injected was noted in a few instances 
(fig. 2). At autopsy, besides the abraded 


Fig. 3. The effects of biting and scratching at 
the point of inoculation in the rabbit with 
pseudorabies. 


area, marked congestion and edema of the 
lungs were constant lesions, with subpleural 
petechiae and ecchymoses usually in evi- 
dence. 

Using the rabbit and guinea pig-brain 
cortices, brain stems, and portions of the 
spinal cords anterior to the points of ex- 
posure, we made subcutaneous injections 
into nine rabbits and nine guinea pigs, with 
the following results: (1) The brain cor- 


tices failed to reproduce the disease in the 
three rabbits and three guinea pigs used, 
(2) the brain stems brought about death 
in two of three rabbits and in none of three 
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guinea pigs, (3) the spinal cords produced 
the disease and death within 90 hours in 
three of three rabbits and in two of three 
guinea pigs. By the use of more rabbit 
inoculations, the presence of the virus was 
then demonstrated in a bacteria-free filtrate 
(Berkefeld N) of the original steer spinal 
cord and in a similar filtrate made from 


Fig. 4. Lesions resulting from the multiplica- 

tion of the virus of pseudorabies on the 

chorioallantois of the developing chick embryo, 
72 hours after inoculation (x 1-1/3). 


the spinal cords of rabbits which died from 
the disease. The presence of the virus in 
a filtrate made from the lungs of one rab- 
bit could not be dernonstrated. 

A bacteria-free (Berkefeld N) filtrate 
was then prepared from a composite sus- 
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pension (approximately 7 to 8 per cen:) of 
a portion of the steer spinal cord and gey. 
eral rabbit spinal cords and its effect op 
several species observed as indicated jp 
table I. 

The symptoms of the calf which sve. 
cumbed following exposure paralleled very 
closely those of the steer from which the 
virus was isolated. Each showed a marked 
and abrupt rise in body temperature before 
death. The respiratory rate also continued 
to increase until the time of destruction, 
In the calf the respiratory rate increased 
from 108 to 208 per minute during the 5% 
hours preceding destruction. Spasms of the 
diaphragm likewise occurred and became 
more frequent as the disease progressed. 


CHORIOALLANTOIC INOCULATIONS 


It was found possible to produce lesions 
on the chorioallantois of the developing 
chick embryo by inoculating heavily with 
virus-containing material after 12 days of 
incubation. A concentrated suspension of 
bacteriologically negative spinal cord tissue 
was suspended in tryptone broth, the sus- 
pended material allowed to settle, and the 
supernatant fluid used as inoculum. The 
resulting lesions resembled those described 
by Glover.* In about 35 to 48 hours the 
membranes appeared slightly more opaque 
than normal, and by 48 hours definite 
macroscopic focal lesions were present 
(fig. 4). These were white, slightly raised, 


SGlover, R. E.: Cultivation of the virus of Au- 
jeszky'’s disease on the chorioallantoic membrane 
of the developing egg. Brit. J. Exp. Path., 


(1939), pp. 150-158. 


TABLE I—Results of Inoculation of Bacteria-Free Filtrate* into Various Animals 


Anima | Dose (cc.) | or Exposure 
Horse 10.0 Subcutaneous 
Calf 5.0 Subcutaneous 
Pig 1 4.0 Subcutaneous 
Pig 2 2.0 Subcutaneous 
Dog | 2.0 Subcutaneous 
Rabbit 694 1.0 Subcutaneous 
Rabbit 685 1.0 Intravenous 
Rabbit 1459 | 1.0 Intraperitoneal 
Rabbit 680 | 0.2 Conjunctival 
Rabbit 1460 | 0.2 Intranasal 


RESULTS 


No evidence of disease 

Destroyed in moribund condition 5 days after ex 
posure; virus recovered 

No reaction except a slight temp. rise 2d and 3: days 
after exposure 

No significant reaction 

Slight malaise and mild pruritus at point of inocul- 
tion, followed by recovery 

Succumbed from pseudorabies within 120 hrs. 

No visible reaction (temp. not taken) 

Succumbed from pseudorabies within 122 hrs 

No visible reaction 

No visible reaction 


*Prepared by the use of a Berkefeld “N” filter from a composite suspension (approx. 7-8% of a 
from several rabbits. 


portion of the steer spinal cord and the spinal cords 
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and varied up to approximately 0.8 mm. in 
diameter. Occasionally several foci were 
seen to be confluent. 


HISTOPATHOLOGIC FINDINGS 


Negri bodies were not demonstrated in 
smears made from the Ammon’s horns of 


the steer. Extensive histologic examina- 
Fig. 6. Lesions produced at 
the .'te of inoculation In the 
rabl Note the erosion of 
epiticlium and the conges- 
tion and leucocytic  infiltra- 
tion of the subcutis. Cell 
infilt-tion was not noted in 


all cases (x 33). 
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Fig. 5. Acute necrosis of 
neurons in the ventral horns 
of the spinal cord of rabbits 
affected with pseudorabies. 
A similar lesion was noted in 


a calf in which the disease 
was produced experimentally 
(x 107). 
tions, in which special neurovathologic 


methods were used, were not undertaken. 
However, in sections fixed with Zenker’s 
fluid and stained with hematoxylin and 
eosin, an acute reactionless necrosis of neu- 
rons of the ventral horns of the spinal cord 
was observed in the calf and in each of 
three rabbits from which sections were 
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made (fig. 5). Inclusions were not observed 
in the spinal cord as described by Hurst.” 
Focal hemorrhages were noted in the cere- 


brum of one rabbit. Lesions at the site of 
inoculation in the rabbit consisted of 
trauma and necrosis of the epithelium and 
marked congestion, some hemorrhage and 
varying degrees of leucocytic (polymor- 
phonuclear) infiltration in the subcutis 
(fig. 6). Pulmonary changes in the rabbit 
consisted of congestion, hemorrhage and 
edema. Each of these varied some in de- 
gree; however, the congestion and edema 
were, in most instances, quite marked and 
diffuse while the hemorrhage tended to be 
focal in character. 

The microscopic changes produced in the 
chorioallantois of the developing chick em- 
bryo were the same as those described by 
Glover. As he describes them, inoculation 
is followed by a slight focal proliferation 
of ectodermal cells and by edema and some 
infiltration of the mesoderm with acido- 


‘Hurst, E. W.: Studies on pseudorabies. I. 
Histology of the disease, with a note on the symp- 
tomatology. J. Exp. Med., Iviii (1933), pp. 415-433. 


Fig. 7. Focal lesion produced 
in the chorioallantois of the 
developing chick by the virus 
of pseudorabies. Note thick. 
ening of the ectodermal layer 
with necrosis of superficial 
cells and thickening of the 
mesodermal layer due fo in. 
filtration of leucocytes 
proliferation of mesodermal 
cells, 72 hours after inocula. 
tion (x 115). 


philic leucocytes within 24 to 36 hours, 
Proliferation of the ectodermal cells ceases 
by the 48th hour and some necrosis of the 
outer layers at the points of greatest thick- 
ness occurs thereafter. A _ rather 
marked proliferation of mesodermal cells 
is seen at this time beneath the areas of 
ectodermal thickening. The height of the 
reaction (as shown in fig. 7) is reached at 
72 hours, after which regressive 
changes occur, leading to necrosis. 
SUMMARY 

An outbreak of pseudorabies in cattle is 
reported. The characteristics of the dis- 
ease and its causative agent are described 
as they were observed during the course of 
laboratory diagnosis and experimentation. 
The attention of the reader is directed to 
the possibility that similar outbreaks may 
have been erroneously diagnosed by clinical 
manifestations alone and to the desirability 
of providing a live affected animal for lab- 
oratory diagnosis. As a control measure, 
the prompt removal of all swine, evel 
though apparently healthy, from contac! 
with the cattle is recommended. 
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Grass Tetany in Cattle” 


A. ©. NOLAN, D.V.M., and F. E. HULL, D.V.M. 
Lexington, Ky. 


EVI SPRING, for a number of years, a 
loss of cows from so-called grass tetany 
has occurred in central Kentucky and dur- 
ing the spring of 1940 the trouble was un- 
usually prevalent. Through the codpera- 
tion of several veterinary practitioners in 


this locality we were able to secure blood 
samples from twelve cases. 


REVIEW OF LITERATURE 

1930, first described the disease 
occurs in Holland, terming it 
He showed that typical cases were 
a low serum magnesium. 
reported an apparently similar con- 
England which he called “lactation 
this state Metzger® described a 
which had not calved for two 
Duncan, Huffman and Robinson‘ pro- 
duced fatal tetany in five calves limited to a 
whole-milk diet. Although the calcium and 
inorganic phosphorus remained normal in these 
calves, the magnesium was low. Kruse, Orent 
and McCollum® previously produced fatal 
in rats and dogs maintained on a diet 
very low in magnesium. In their studies of 
magnesium deficiency in rats Tufts and Green- 
concluded that the severity of mag- 
nesium deficiency was increased when a high 
content was present in the diet. 


Sjollema,' in 
as “orass 
staggers.” 
characterized by 
Dryerre 
dition in 
tetany.” In 
COW 


case Ih a 


yeal 


tetany 


j n the Department of Animal Pathology, 
Agricultural Experiment Station; the in- 
tion reported herein was conducted in con- 
with a project of the Station. 


nent KY 
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kV Studies on magnesium deficiency in animals. 

mical changes in the blood following mag- 
nes leprivation. J. 


Biol, Chem., c (1933), pp. 
Elma YV., and Greenberg, D. M.: The 
stry of magnesium deficiency. I. The 


magnesium requirement for growth, gesta- 
- lactation and the effect of the dietary 
©aicl evel thereon. J. Biol. Chem., cxxii (1938), 
pp. 7 726, 


PRESENT WRITERS’ OBSERVATIONS 


Grass tetany, in our experience, is an 
often fatal disease of dairy or beef cows 
which occurs independently of parturition 
and is characterized by tetanic contraction 
of the limbs. The onset of the disease is 
sudden, appearing within a few days to 
several weeks after cows are turned out on 
young, rank grass, in early spring. Usu- 
ally only one or two animals in the herd 
are affected. What causes the disease is 
not definitely known, although in the cases 
brought to our attention there was a his- 
tory of faulty feeding during the winter. 
Yet, the disease does not occur until the 
animals have been on young, rank pasture 
for a short time. Sjollema,' from his ex- 
tensive study of the disease, concluded that 
the primary cause of “grass staggers’’ is 
connected with intestinal intoxication which 
may be the cause or the effect of the upset 
in mineral metabolism. The practice in 
Holland, of feeding little hay or hay of 
poor mineral composition and large quan- 
tities of concentrates, he considers a pre- 
disposing cause. Of the twelve cases we 
have studied eleven occurred during the 
winter when the animals were almost en- 
tirely on poor quality hay. Apparently 
some animals possess a more delicately bal- 
anced mineral metabolism which is unable 
to cope with conditions which other mem- 
bers of the herd successfully meet. 

Symptoms.—tThe first symptoms usually 
are not observed by the owner and it is 
not until the animal is down with tetanic 
convulsions that the veterinarian is called. 
Early symptoms of the disease include 
twitching of the brachial muscles, a tend- 
ency to graze apart from the herd, nervous- 
ness and an anxious expression. In the 
late stages the animal suddenly becomes 
prostrate and develops what most owners 
refer to as a “fit.” This syndrome consists 


of tetanic contractions of the limbs, grind- 
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ing of the teeth, frothing at the mouth, 
trismus, bellowing, retraction of the head 
with death finally resulting from severe 
tonic and clonic convulsions. Despite treat- 
ment with calcium salts, the mortality in 
the cases studied was over 50 per cent. The 
prognosis varied directly with the post- 
parturient interval; that is, the longer the 
interval between the date of calving and 
the onset of the disease, the greater was 
the percentage of mortality. 

Case 1.—A 5-year-old Holstein cow which 
calved eight weeks previously was found lying 
in the pasture on the morning of April 10. 
1940. This cow was fed on ensilage and very 
little hay during the winter. In lieu of a urine 
sample, a portion of milk was tested by the 
Ross test and found to be negative for acetone. 
Treatment consisted of the intravenous in- 
jection of 250 cc. of 20 per cent glucose fol- 
lowed by 50 cc. of a 10 per cent magnesium 
sulfate solution. After this treatment the 
convulsions ceased, leaving the animal in a 
semicomatose condition. The owner later re- 
ported that the animal died at 4 p.m. of the 
same day. Analysis of blood drawn previous 
to treatment showed that the proportions of 
magnesium, inorganic phosphorus and calcium 
in the serum were distinctly below normal, 
while non-protein and protein nitrogen were 
normal. 

Case 2.—A 4-year-old Holstein cow was 
treated for milk fever on February 8, 1940. On 
February 9, she received medication for acute 
acetonemia. Two days later she was found to 
be in an apparently moribund state. The 
acetonemia treatment was repeated and she 
made a satisfactory recovery. On April 10, 
she developed typical grass tetany and was 
given 500 cc. of a 20 per cent solution of 
calcium gluconate. Her condition was imme- 
diately improved. On April 28, this cow was 
treated again for grass tetany, at which time 
she regained her feet, but suddenly became 
prostrate and died. A sample of serum col- 
lected, April 10, analyzed in this laboratory, 
was found to be markedly low in magnesium 
and inorganic phosphorus. Serum calcium, 
although subnormal, was not as low as is found 
in milk fever. Serum protein was found to be 
above normal. 

Case 3.—A limited history was received with 
this sample, but as samples were requested 
only from cases showing typical. tetany, we 
may conclude that the usual nervous syndrome 
was present. This animal was a 5-year-old 
Shorthorn cow which calved six months pre- 
viously and was rebred. She was fed on grass 
only. Treatment with calcium gluconate failed. 
A marked hypomagnesemia was the outstand- 


ing serologic change observed on chemical ey. 


amination. 

Case 4.—This case and the following oy, 
were from a herd of beef cattle on early spripp 
pasture. On May 20, 1940, four cows presenteg 
typical grass-tetany symptoms. Unfortunately 
samples were collected from only two of these 
cases. Their diet had consisted solely of grass 
for the previous two weeks, prior to which 
they received lespedeza hay along with very 
small amounts of concentrates. 

This case was a 6-year-old Hereford beef coy 
which calved 5 weeks previously. Samples oj 
oxalated and whole blood were obtained prio 
to treatment. 

Treatment included the intravenous _inje 
tion of 50 cc. of 10 per cent magnesium sulfa 
and 500 ec. of 20 per cent calcium gluconate 
Convulsions ceased and prompt improyemen 
was noticed. Two hours later the animal 
suffered a relapse and died. The serum mag. 
nesium was approximately one twentieth oj 
the normal value. A_ definite hypocalcemia 
and hypophosphatemia also were observed. 

Case 5.—This was a 7-year-old Hereford bee? 
cow from the same herd as case 4. She calvei 
about three weeks before the onset of the 
grass-tetany syndrome and appeared to be 
normal until she was found lying in _ the 
pasture with three other cases. Treatment 
consisted of the intravenous administration of 
500 cc. of 20 per cent calcium gluconate 
Attempts to get the animal on her feet were 
unsuccessful at the time, but later in the day 
she got up of her own accord and made an 
uneventful recovery. The fate of the other two 
cases is unknown, as we received no further 
information from the practitioner who treated 
them. Examination of the blood revealed a 
Magnesium content of 0.1 mg. per cent accon- 
panied by a low calcium of 5.8 mg. per cent 
We were surprised to hear later that this 
animal recovered. From table I it can be 
readily seen that the normal inorganic phos 
phorus value in this case is the most notice. 
able variation. 

Case 6—This was a 5-year-old Hereford cow 
which calved four weeks previously. She was 
fed lespedeza hay with no grain during the 
previous winter. For the past month she was 
pastured on young, rank grass. On the mor? 
ing of April 23, she was found lying in the 
pasture having convulsions. To quiet the 
animal, one ounce of cannabis indica was givel 
intravenously, followed by a slow intravenous 
injection of 500 cc. of cal-dextro. Although 
generalized muscle tetany disappeared, she was 
unable to get to her feet. One-half hou» late! 
a 1-0z. capsule of chloral hydrate was give! 
per os. That evening the hired man told the 
veterinarian that the cow was doing fire, bu 
the next day she was found dead in t!e pas 


ture. Serum magnesium and calcium wel? J 


low, as usual, with the inorganic phos hors 
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TABLE I—Composition of Blood and Serum in Reported Cases 


WHOLE BLoop SERUM 
GLUCOSE Tora. CELL Catcium | InorGanic | MAGNESIUM 
(mG. PER |NON-PROTEIN| VOLUME PROTEIN (MG. PER | PHOSPHORUS; (MG. PER 
100 cc.) NITROGEN | (PER CENT) | (PER CENT) 100 cc.) | (MG. PER 100 cc.) 
(MG. PER 100 cc.) | 
100 cc.) 
N. E.* N. E. 58.0 7.34 7.60 2.40 86 
N. E. N. E. N. E 8.56 6.85 2.28 1.14 
N. E. N. E. N. E 6.48 6.80 4.85 59 
52.5 30.6 43.0 5.72 5.90 2.38 10 
63.0 37.5 42.0 6.18 5.80 4.95 10 
140.0 33.0 33.0 6.97 6.30 4.60 86 
75.0 30.6 43.0 7.31 7.30 4.40 1.68 
. N. E N.E N. E. N. E. 5.80 1.50 2.46 
) N. E N. E N. E. 6.34 8.35 1.3; 69 
10 N. I N. E N. E. N. E 8.50 4.05 46 
11 106.7 30.3 N. E. N. E 4.90 5.50 1.18 
12 N N. E N. E N. E 5.50 2.55 62 
\verage 87.44 31.65 43.8 6 86 6.63 3.40 903 
Not estimated. 
normal. A marked hyperglucemia (140 mg. became prostrate, exhibiting the typical grass- 


per 100 cc. of blood) was present; this high glu- 


cose level might well be due to the convulsion 
at the time the blood samples were drawn. 
Cuse 7.—This was a 9-year-old grade Holstein 
cow which calved five weeks before the onset 
of the disease. She was in poor physical con- 
aition, having received only pasture grass and 
a small quantity of clover hay for the past 
three weeks, The owner stated that this cow 
was apparently normal in the evening of April 
22, but at 5:00 the next morning was found 
prostrated in the pasture and could not get 
up. At 1:00 p. m. the owner inflated the udder, 
without success. A urine sample, obtained by 
catheterization, was negative for acetone, but 
contained 75 mg. of albumin per 100 ce. Injec- 
tion 300 ec. of cal-dextro intravenously and 
200 subcutaneously resulted in immediate 
recovery. Within a few minutes she regained 
cont of her feet and, with the exception of 
sligh trembling in the brachial _ region, 
appeered perfectly normal. Subsequent reports 
indicated that relapses occurred which were 
treat with additional doses of cal-dextro, a 
total of 2,500 ec. having been used before 
recov-ry was complete. A_ relatively high 


magn ium content, when compared with the 
aver value for these cases, was obtained 
in tl instance. Calcium dropped about 20 
per t below normal, while the inorganic 


phosp orus remained at a proper level. 

Cas’ 8-—-A 9-year-old Guernsey was found 
lying the pasture. Some doubt existed as 
to we should classify this case as 
delaye milk fever or as grass tetany. This 
cow cc ved two weeks previously but suddenly 


tetany syndrome. Her diet was much better 
than was usual in the cases in this locality. 
Rations in use at that time included a 16 per 
cent protein concentrate, alfalfa hay and corn- 
stalks. As the attending veterinarian has had 
a great deal of experience with this disease, 
his diagnosis was considered reliable. On 
examination of the serum the magnesium 
content was slightly above normal. Such inci- 
dences have also been reported by Sjollema in 
which the magnesium content remained nor- 
mal. The veterinarian treated this animal 
with 500 cc. of eal-dextro intravenously and 
a pound of magnesium sulfate per os, and 
advised the owner to leave her in the barn 
for ten days. This case was reported as having 
made a satisfactory recovery. Investigation 
of the serum revealed a normal magnesium 
content in conjunction with a definitely low 
calcium and phosphorus level. 

Case 9—This was a T-year-old Holstein cow 
with a week-old calf. Her winter rations con- 
sisted of cornstalks, poor hay, unshelled corn 
and some lespedeza hay. The general condi- 
tion of the animal was poor and the year pre- 
viously she was treated for the same condition. 
Treatment consisted of 500 cc. of cal-dextro 
intravenously, a magnesium sulfate physic and 
advice to the owner to put the animal inside 
for ten days. This case made an uneventful 
recovery. Subnormal values were recorded for 
magnesium, calcium and inorganic phosphorus, 
such values being especially low for magne- 
sium and inorganic phosphorus. 

Case 10.—An 8-year-old Shorthorn cow calved 
eight months previously and was barren. This 
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animal had received no dry feed for two 
months, being pastured on young bluegrass. 
As is often the case, the condition of the ani- 
mal was poor and the symptoms exhibited 
were severe. Treatment included 500 ce. of 
cal-dextro intravenously and 1 oz. of chloral 
hydrate per os. Dry feed was recommended. 
This animal made a temporary recovery for 
one week and then suffered a relapse followed 
by death. Serum analysis revealed a definite 
hypomagnesemia, while the calcium and inor- 
ganic phosphorus were almost normal. 

Case 11.—A 5-year-old grade Hereford cow 
calved seven months previously and was preg- 
nant at the time of this observation. During 
the past winter this cow was fed on ensilage 
and lespedeza hay and for the past three weeks 
was on grass only. The animal became pros- 


trate 24 hours previously, but got up after 
having a “fit,” as the owner expressed it. The 
following day she was again prostrated and 


at the time we saw the animal she was lying 
on her side, with feet extended but not thresh- 
ing with them as is usually the case. Follow- 
ing the intravenous injection of 500 cc. of 20 
per cent glucose and 500 cc. of cal-dextro, 
attempts to force the animal to her feet were 
unsuccessful. Death occurred 24 hours later 
following a typical convulsion. Chemical 
analysis of the blood showed an unusually low 
serum calcium, a 50 per cent reduction of mag- 
nesium with the inorganic phosphorus within 
the normal range. 

Case 12.—A 6-year-old Jersey cow calved two 
weeks previously and had been on young pas- 
ture for one month. As no description of the 
symptoms was sent with the blood sample, we 
can only assume that it was a typical case. 
An uneventful recovery followed the adminis- 
tration of 500 ce. of calcium gluconate intra- 
venously, 0.5 oz. of chloral hydrate per os and 
advice to the owner to put the animal on dry 
feed. From table I it can readily be seen that 
the low results obtained for magnesium, cal- 
cium and inorganic phosphorus would confirm 
the veterinarian’s diagnosis. 

DISCUSSION OF BLOOD ANALYSES 

Magnesium.—The average serum mag- 
nesium value given by Sjollema for normal 
cows was 1.66 mg. per cent and .46 mg. 
per cent for cows with grass tetany, which 
is considerably lower than our value of 2.32 
mg. per cent for normal pregnant cows and 
0.9 mg. per cent in grass-tetany cases. In 
their work on tetany in calves Duncan, 
Huffman and Robinson‘ reported a plasma 
magnesium range of 2.25-2.75 mg. per cent 
for normal calves and 1.2-1.6 mg. per cent 
for calves suffering from low-magnesium 
tetany. Dogs maintained for five weeks 


on a magnesium-deficient diet by Kruse. 
Orent and McCollum showed a level be. 
tween 0.5 and 0.9 mg. per cent con pared 
with a level in control animals betwee; 
2.1 and 2.3 mg. per cent. From thege 
observations the following conclusions 
might justly be made, namely, that the 
bovine species is susceptible to magnesium 
deficiency and that in grass tetany magne. 
sium values comparable with experimental 
results are obtained. Whether this loy 
magnesium observed in grass tetany is due 
to a dietary deficiency we are unable t 
answer, although Sjollema is of the opinion 
that such is not the case. 
Calcitum.—Calcium values in grass tetany 
differ significantly from experimental 
cases of magnesium tetany. Serum calcium 
values for normal cows range between § 
and 12 mg. per cent (Hayden). In a series 
of 15 normal cows, one month prior to par- 
turition, we obtained an average value of 
10.99 mg. per cent. Grass tetany cases 
ranged from 4.9 to 8.5 mg. per cent with 
an average of 6.63 mg. per cent of calcium, 
which closely approximates Sjollema’s 6.65 
mg. per cent representative of 55 cases. 
In strict magnesium deficiency, calcium 
and inorganic phosphorus remain normal. 
This tendency towards lowered calcium as 
shown by our results and those of Sjollema 
resembles a combined calcium-magnesium 
deficiency in which a terminal drop is ob- 
served in the serum calcium.* That the 
calcium content in cases of this type may 
vary with geographic distribution is well 
illustrated by the relatively high average 
of 9.3 mg. demonstrated by Dryerre,’ who 
studied the disease in the British Isles. 
Inorganic Phosphorus.—Usually the cal- 
cium and inorganic phosphorus of the 
blood vary in an inverse manner. Thus, 
a decrease in the concentration of calcium 
might lead one to expect an increase in the 
level of the inorganic phosphorus. !n our 
experience this relationship is not mail 
tained either in milk fever or grass t-tany. 
Harry G., Kruse, H. D., and M:« ‘ollun 
Studies on magnesium deficiency in jmais 
VII. The effects of magnesium deprivation with é 
superimposed calcium deficiency on the animé 


body, as revealed by symptomatology an blood 
changes. J. Biol. Chem., ecxii (1935), pp. 
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TABLE !|—Comparison of Average Values Obtained by Different Investigators* 


STIGATOR CALCIUM INorG. Puos. MAGNESIUM CASES 
S 6.65 4.33 455 55 
9.30 4.54 ? 
\ 6.63 3.40 903 12 
Vi 7.50 2.30 145 l 
values expressed as milligrams per 100 cc. of serum. 


deficient in magnesium alone do not 
result in a lowering of the phosphorus 
content of the blood. However, when cal- 
cium deficiency is superimposed on a mag- 
nesium deficiency, a terminal drop occurs 
in the serum inorganic phosphorus.‘ The 
average serum inorganic phosphorus as 
given by Sjollema for normal cows was 
157 mg. per cent, and 4.53 mg. per cent for 
cows with grass tetany. In “lactation 
tetany” Dryerre? likewise failed to observe 
any significant decrease in the serum inor- 
ganic phosphorus. Hayden®* presented evi- 
dence that little variation exists in the 
serum inorganic phosphorus between non- 
pregnant cows and cows at or following 
parturition. Working with normal dairy 
cows one month prior to parturition we 
found an average of 5.48 mg. per cent for 
serum inorganic phosphorus. In contrast 
to this normal level we obtained an average 


‘H len, C, E.: Changes in the blood of the cow 
at | urition. Cornell Vet., xxviii (1938), pp. 


of 3.39 mg. per cent in twelve cases of grass 
tetany. In the single case reported by 
Metzger* from Kentucky, a serum inorganic 
phosphorus value of 2.53 mg. per cent was 
found prior to treatment and 5.43 mg. per 
cent three weeks after recovery. 

Miscellaneous Findings. In two in- 
stances the blood-sugar level was abnor- 
mally increased. As the respirations are 
severely inhibited during the convulsions, 
the partial asphyxia may account for this 
increase in the blood sugar. 

The terminal rise in total non-protein 
nitrogen which holds true in magnesium 
deficiency® and calcium-magnesium defi- 
ciency’ was not observed in grass-tetany 
cases. Serum protein likewise failed to 
show any appreciable variation from the 
normal. 

Cell volume was determined in five cases 
on blood containing 0.2 per cent potassium 
oxalate. Three of the cases were normal, 
one was high and the remaining case might 
be called a low normal. 
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Standardization of Stained Brucella Abortus Antigen for the 
Whole-Blood Test” 


HADLEIGH MARSH, D.V.M. 


Bozeman, Mont. 


IN 1935 Welch and Marsh! reported the 
development of a _ whole-blood field ag- 
glutination test for Bang’s disease in range 
cattle. The antigen described was pre- 
pared according to the method of Donham 
and Fitch,- with the exception that only 
one strain of the organism was used, and 
with the addition of 5 per cent of a satu- 
rated aqueous solution of methyl violet. 
The reason for adding the violet stain to 
the antigen was to make the reaction read- 
able against the red background of the blood, 
but the stained antigen proved so much 
more satisfactory for use with serum, as 
well as whole blood, that it is now used 
exclusively in this laboratory for all plate 
testing. 

It was found that the antigen prepared 
by this method was slightly too sensitive. 
Therefore, the addition of 0.4 per cent gela- 
tin, as recommended by Donham and Fitch, 
was eliminated. Another change in the 
preparation of the antigen was the use of 
five strains of the organism rather than 
only one. 

After these changes were made, it was 
found that the antigens were not constant 
in sensitivity. Therefore, a number of ex- 
perimental antigens were prepared in an 
attempt to standardize the method of prepa- 
ration in order to insure a constant sensi- 
tivity. Roepke and Fitch* showed that an 
important factor in the variation in sensi- 
tivity of Brucella abortus antigens is the 

¢From the Montana Veterinary Research Lab- 
oratory, Montana Livestock Sanitary Board and 
Agricultural Experiment Station codperating ; paver 
No. 142, journal series, Montana State College, 
Agricultural Experiment Station. 

‘Welch, H., and Marsh, H.: A whole-blood field 
agglutination test for Bang’s disease in range cat- 
tle. J.A.V.M.A., Ixxxvi (1935), pp. 493-507. 

2Donham, C. R., and Fitch, C. P.: A method for 
the preparation of-antigen for the rapid agglutina- 
tion test for Bang's disease with a technic for con- 
ducting such a test. J.A.V.M.A., Ixxxii (1933), 
pp. 913-921. 


*Roepke, M. H., 
Ixvi (1940), p. 17. 


and Fitch, C. P.: J. Inf. Dis., 


soluble agar concentration, and that this 
effect can be minimized by washing the cul- 
tures from the agar medium with large 
amounts of saline solution and then centri- 
fuging to remove the substances absorbed 
from the medium. Therefore, this portion of 
the method of preparing the antigen at this 
laboratory has been changed to correspond 
to the method used in the laboratory of the 
Division of Veterinary Medicine, Minne- 
sota Agricultural Experiment Station. The 
cultures are washed from the medium with 
sufficient phenolized salt solution to pro- 
duce approximately a 1.5 per cent suspen- 
sion of cells. This suspension is filtered 
through a thin film of cotton and heated in 
flowing steam for 2% hours. It is again 
filtered through a thin film of cotton, and 
centrifuged. The sediment is washed by 
resuspending in phenolized saline and re- 
moving the saline solution by centrifuga- 
tion. The cells are then taken up in suffi- 
cient phenolized saline solution to make an 
11 per cent suspension. 

Roepke and Fitch stated that antigens 
prepared in this manner “show titers which 
average approximately one-half dilution 
(an incomplete agglutination) lower than 
the tube antigen. The presence of 0.4 per 
cent gelatin in the plate antigen seems to 
give a uniform increase in sensitivity and 
results in antigens which give titers com- 
parable to those obtained with the tube 
antigen.” As stated earlier in this paper, 
it was found in this laboratory that the 
addition of gelatin to the stained antigen 
made it too sensitive. Roepke, in a per- 
sonal communication, suggested that tre 
concentrated stain which is added to te 
antigen for the whole-blood test acted in 4 
similar manner to the gelatin in increasi! 2 
sensitivity. He also suggested that var 
tions in sensitivity might be attributed 
variations in depth of staining and in t 
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TABLE !|—Comparison of Methyl Violet 6B with Crystal Violet as to Sensitivity of Antigen 


DILUTIONS 


STAIN 


Methyl] violet 6B 

Crystal violet 

Methyl violet 6B 

Crystal violet 

Methyl violet 6B 

Crystal violet 
Complete agglutination. 
Partial agglutination. 
Slight agglutination. 


TABLE II—Comparison of Methyl Violet 6B with Crystal Violet as to Sensitivity and Readability of Antigen, 
Using Whole Blood 


BLOOD 


Methyl violet 6B 
Crystal violet 
Methyl violet 6B 
Crystal violet 


Methyl violet 6B 
Crystal violet 


DILUTIONS 


02 cc. 


++ 
+ + 


Ol cc. 


= 


TABLE Ill—Effect of Concentration of Stain on Sensitivity of Antigen 


ERUM CONCENTRATION 


of 1.5% solution 
of 1.5 
of 1. 
of 1.2 


of 1. 
of 1 
of 1. 
of 1. 


Gr org 


of 1. 
of 1. 
of 1. 


RAK 
| 


|++++ 


+44 
+44 


| 


+44 


| 


+++ | 
++4 


+ 


++] ++4+4 | 


+++ | 


DILUTIONS 


Ol ce. 


005 cc. 


READABILITY 
Less 
More 


Less 


More 


Less 


More 


a7 
UM 
04 cc. 02 cc. OL ce. 005 cc 
] + + 4. 
+ 
2 TT TT + 
++ 
3 T+ t 
+ + + + we 
STAIN 
04 cc. 03 cc. 
2 + + + -+ 
+ + ++ ++ 
| 
04 cc. cc. | 005 cc. 
5“ rv + 
1¢ + 
2 10% + tT 
5% | + ++ | + 
3% + ++ 
1% ++ + 
+ = 
} | + 
4 ++ 
| | + 
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dye itself. Therefore, a number of antigens 
were prepared in which the method of add- 
ing the stain, the particular dye used, and 
the concentration, were varied. 

In the original stained antigens used in 
this laboratory, the staining material was 
added as the final step in the preparation 
of the antigen, a small amount of a con- 
centrated aqueous solution being used. 
Roepke suggested that the use of a con- 
centrated (saturated) solution could be 
avoided by making the final suspension of 
the cells in a phenol-saline solution con- 
taining a definite amount of stain sufficient 
to give the desired sensitivity and read- 
ability. An attempt was made to prepare 
solutions of crystal violet in .85 per cent 
saline solution and in phenolized saline 
solution. It was impossible to make a sta- 
ble solution of crystal violet in either the 
saline or phenol-saline solutions. This was 
probably due to “salting out” of the crystal 
violet by the sodium chloride in the solu- 
tions. The phenol also had some effect in 
preventing the preparation of a stable solu- 
tion. However, when 5 per cent of the 
saturated aqueous solution of the dye was 
added to the 11 per cent bacterial suspen- 
sion in phenolized saline solution, there was 
no crystallization of the dye. Therefore, 
the method of adding the dye which was 
adopted, was the original method of add- 
ing it in saturated (1.5 per cent) aqueous 
solution. It was found necessary to use a 
freshly prepared and filtered solution. 

The dye recommended in our original 
publication was methyl] violet 6B (Coleman 
and Bell), but crystal violet (Coleman and 
Bell) also has been used. The results of 
a comparison of the sensitivity and read- 
ability of antigens stained with these two 
dyes are shown in tables I and II. An 
antigen which has been found to correspond 
to the standard tube antigen in sensitivity 
was divided into two lots, one being stained 
with methyl violet 6B and the other with 
crystal violet. Plate agglutination tests 


comparing the two antigens for sensitivity 
were set up with three serums of interme- 
diate titer, as shown in table I. The results 
indicate that these two stains are alike in 


their effect on the sensitivity of the antigen, 

Table II shows a comparison of bo h 
sensitivity and readability of the same tyo 
antigens used in the experiment record:d 
in table I, when used with whole blood from 
the same three cattle from which the serums 
used in the previous test were taken. An 
additional dilution was used in this experi- 
ment, as .03 cc. of whole blood corresponds 
in reaction with the antigen to .02 cc. of 
serum. This table again shows no differ- 
ence in sensitivity, but with the whole blood, 
reactions were more easily read in the case 
of the antigen stained with crystal violet. 
Therefore, crystal violet (Coleman and 
Bell) has been adopted as the dye to be 
used. 

The third factor to be considered in de- 
termining the effect of the stain on sensi- 
tivity is the concentration of the dye. A 
plate antigen, which corresponded to the 
standard tube antigen in sensitivity when 
5 per cent of the dye solution was added, 
was divided into four lots. To one lot 
was added 10 per cent of a 1.5 per cent 
aqueous solution of the dye, to the second 
lot 5 per cent was added, to the third lot 
3 per cent was added, and to the fourth lot 
1 per cent was added. A comparative test 
was set up in which four serums of inter- 
mediate titer were used, as shown in table 
III. The results tabulated in table III show 
that raising the concentration of the dye 
above 5 per cent of a 1.5 per cent solution 
did not increase the sensitivity of the an- 
tigen, but that lowering the concentration 
below that point did decrease the sensitivity 
below the desired point. The conclusion 
was, therefore, that the optimum concentra- 
tion of dye was 5 per cent of a 1.5 per cent 
aqueous solution, or a final concentration 
of .075 per cent, and that the effect of this 
concentration of crystal violet on sensitivi': 
corresponds to the effect of 0.4 per cent of 
gelatin. 

Since the completion of these exper'- 
ments, three lots of antigen have been pr-- 
pared and stained by the methods indicat: 
here as giving the best resuits, and the ¢ 
has been almost no variation in sensitivit 
One of these antigens was checked again 
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tube test in testing 468 cattle in one 
ige herd, with almost completely corre- 
nding results. In this herd there were 
reactions to the tube test at a higher 
ition than 1:25. Five of the blood sam- 

s showed partial agglutination at this 
ution in both tests. Traces of agglutina- 

n were recorded in four other samples 

in the field test which were negative in the 
tube test, while two samples which agglu- 
tinated slightly in the tubes at 1:25 were 
recorded in the field test as negative. This 
herd test is of particular interest when 
compared with the last preceding annual 
test of the same herd. At that time the 
stained field antigen was somewhat too 
sensitive, resulting in partial agglutina- 


tion in 36 blood samples which showed no 
agglutination at 1:25 in the tube test. 
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SUMMARY 


It has been found possible to eliminate 
significant variations in sensitivity of the 
stained antigen for the whole-blood ag- 
glutination test for Bang’s disease (1) by 
using five strains of Brucella abortus of 
known antigenicity; (2) by washing the 
culture growth from the medium with large 
amounts of phenolized saline solution, and 
washing the cells once in phenolized saline 
before making the final suspension, as rec- 
ommended by Roepke and Fitch; and (3) 
by staining the antigen by the addition of 
5 per cent of a freshly prepared and filtered 
1.5 per cent (saturated) aqueous solution of 
crystal violet (Coleman and Bell) as the 
last step in the preparation of the antigen. 
This concentration of dye has the same ef- 
fect on sensitivity as 0.4 per cent gelatin. 
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Experimental Work upon Recent Outbreaks of Abortion in Ewes 
A. M. LEE, D.V.M., and L. H. SCRIVNER, D.V.M. 


Laramie, Wyo. 


EXCESSIVE LOSSES from abortion in ewes 
are not common, but each year for several 
years outbreaks in Wyoming have been 
brought to our attention and have been 
investigated. Previous to 1937, we received 
few inquiries about abortion in ewes and 
we heard of none of any consequence. Al- 
though quite a few reports of it have since 
come to us, we are not certain that the 
disease is spreading or is on the increase. 
It is possible that it existed to the same 
extent previously but was not called to 
our attention. The condition is important 
to the veterinarian, therefore, because in 
the spring he may encounter it in a high 
percentage of the ewes in either a range 
flock or a farm flock. 

The owner, naturally, is suspicious of 
any roughage he has fed since the time 
the bucks were turned in. He is especially 
suspicious of such things as mouldy beans 
that have fallen from the vines and thus 
been left in the field he pastures. He is 
also often suspicious of frosted beet tops, 
straw stacks in the pasture, bean hulls and 
even the alfalfa hay. In case the ewes 
have not been getting any of these types of 
feed, the owner may suspect some type of 
weed or plant the animals have eaten on 
the range, in the pasture, or in native hay. 
It is our belief that the possibility that 
feed causes a great amount of abortion in 
a flock of ewes is as remote as the possi- 
bility of its causing considerable abortion 
in a herd of cattle. Baker and Stone! con- 
ducted feeding tests upon mouldy bean pods 
to determine if they would produce abor- 
tion in ewes. Of four ewes fed large quan- 
tities of them, none aborted. 

No doubt a lack of feed to the extent that 
malnutrition and severe emaciation develop 


*From the Wyoming Agricultural Experiment 
Station. 

1Baker, D. W., and Stone, W. S.: A study of 
Spirillum ovis infection in a group of ewes main- 
tained under observation for two successive lambing 
seasons. Cornell Vet., xxxix (1939), p. 32. 


may result in loss from abortion. The vet 
erinarian can recognize such cases by the 
history and by the general condition of the 
animals in the flock. It is quite generally 
admitted that old ewes often abort from 
no apparent cause other than old age. In 
a flock where a high percentage of the ewes 
are quite old, considerable abortion may 
be encountered. It is a good policy, there- 
fore, in making an investigation to exam- 
ine the mouths of a number of ewes that 
have aborted because the finding of young 
ewes that have aborted will help in making 
a diagnosis. 

In addition to the many questions con- 
cerning the feed as a factor in the trouble, 
the owner will have numerous other ones. 
If he was using new bucks on ewes that 
had no trouble the previous year, he will 
be suspicious of the bucks. He will want 
to know if there is a blood test to deter- 
mine which animals are diseased; also, if 
ewes that abort this year will carry the 
disease over to next year and abort again. 
The permanent infection of his range or 
premises or, at least, a carry-over of the 
infection to another year is something that 
is of great concern to him. If he is in- 
formed that the disease is probably due to 
a microérganism rather than to the feed, 
he wants to know how long it is from the 
time the ewes are infected until they abort, 
so that he can figure out where the ewes 
were at-that time and keep away from that 
watering place, range, pasture or feed. 
Bang’s disease as a possible cause will be 
asked about. And above all, he will want 
to know if an aborting ewe can transmit 
the disease to other ewes. 

In endeavoring to determine some of the 
answers to these questions, investigations 
have been made upon all severe aborticn 
losses in ewes that have been brought © 
our attention during the past four years. 
An effort had been made to check up on t '¢ 
flocks the following year. The results >f 
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revious years have been reported” 

ill not be repeated, but our work 

ndings of this year’s investigation will 

given. These have consisted of five 
utbreaks in different areas or parts of 
Vyoming. Two of these were range flocks, 
wo were farm flocks and one was a “semi- 
ange” flock. 

Flock 1 consisted of 1,702 ewes due to 
tart lambing March 16. On February 3, 
hey started aborting from five to seven 
ambs a day. By February 24, they were 
iborting from seven to twelve a day. Four 
hundred and fifty ewes aborted in this flock 
ff which only three died. Flock 2 con- 
tained 1,015 ewes due to start lambing 
the middle of April. When materials were 
submitted to us on April 8, 60 ewes had 
iborted. Ten of them aborted on the night 
of April 7. A total of 100 aborted by April 
15, and 25 ewes died. Flock 3 had 400 ewes 
f which 50 had aborted by April 25, when 
called to our attention. Flock 4 contained 
275 ewes due to start lambing March 20. 
On February 15, abortions started at the 
rate of one to four a day. By March 12, 
70 had aborted and 25 of the ewes had died. 
On March 27, 125 of these ewes had died, 
many of which had not aborted. The ewes 
were thin, had no milk for*the lambs and 
had not had enough feed for a long time. 
Flock 5 was a small farm flock of 87 ewes 
in which quite a few lambs had been 
aborted one to two months before time. 
The first abortion was on March 28. On 
April 10, eleven had aborted, and on May 
ll, a total of 22 had been lost. None of 
the ewes died. 

Bacteriologic examinations were made 
uyon aborted lambs from all these flocks. 
mears made direct from the tissues and 
s ained did not give results from which a 
ciusative agent could be satisfactorily de- 
t rmined. Cultural work consisted in the in- 
ulation of cystine-veal-infusion-dextrose- 
avar slants which were then sealed. 
) aterials most commonly used for the inoc- 
itions were the contents of the abomasum, 
t e blood, liver and spleen of the aborted 


An investiga- 
ewes. 
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J. .V.M.A., xcii (1938), p. 68. 
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lambs. After incubation for three to seven 
days, a Vibrio was consistently found in 
lambs from flocks 1, 2 and 5. Usually this 
organism was found in pure culture. Cul- 
tures from the abomasum were positive in 
all cases from the three flocks. In some 
instances the blood, liver, spleen and peri- 
toneal fluid also gave positive cultural find- 
ings of the Vibrio. The vaginal discharges 
and placenta were not found to be satisfac- 
tory for isolation of the organism in rou- 
tine work because of excessive contamina- 
tion. 

The organism has previously been de- 
scribed as a Vibrio and as a Spirillum. In 
our experience it shows a preponderance of 
vibrionic forms in recently isolated cultures 
and in rapidly growing cultures, however. 
But in older cultures it assumes spiral 
shapes and the vibrionic forms are much 
fewer in number. As a culture ages, the 
cells secrete a large amount of a mucilagi- 
nous substance and become difficult to stain. 
In the course of a few days to a week the 
cells are no longer demonstrable in a culture 
by staining methods and only the mucilagi- 
nous substance seems to remain. Viability 
of the culture disappears with the produc- 
tion of this material and cultures have to 
be transferred at about five-day intervals 
to keep them alive. 

The organism is Gram negative, highly 
motile, non-spore-forming and without cap- 
sules. In young cultures it stains readily. 
In shake cultures it grows first in a layer 
about 1/16 of an inch below the surface 
before spreading to the surface. It does 
not grow below this level, indicating that 
the organism is microaerophilic and facul- 
tatively aerobic. 

By transferring 0.1-cc. amounts, it has 
been possible to maintain the organism in 
cystine-veal-infusion broth. The addition 
of various carbohydrates does not change 
the amount of growth and the carbohy- 
drates are not fermented. 

A Vibrio has been isolated from aborted 
lambs by a number of workers. It was 
first reported in England in 1912 by Mc- 
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TABLE |—Summary of Tests on Sera of Seven Ewes 


DILUTIONS 


SAMPLE 

No. 1:25 1:50 1:100 | 1:200 | 1:400 
+ + + + I 

2 + I ‘ 

+ + + 

4 + + I 

~ 

6 + + 
7 + + I 


Fadyean and Stockman.* Carpenter‘ en- 
countered it in New York in 1918. Welch 
and Marsh® in 1924 reported work upon 
it in Montana, Graham and Thorp" in 
Illinois in 1929, and Gilman? in New York 
in 1934,* 

Considerable technical difficulties have 
been encountered in attempts to make a 
suitable antigen from the Vibrio due to 
its slow, scant growth and the production 
of large amounts of mucin or gummy-like 
substances. However, enough satisfactory 
antigen was made to test the sera of seven 
ewes that had aborted in a flock in which 
the Vibrio was found as the causative 
agent. Table I summarizes these tests. 

All samples were negative to the Bang’s 
test. Bruce® in 1930 found that a number 
of ewes in an aborting flock in Canada 
were positive to the Bang’s test in dilu- 
tions as high as 1:5,000. Graham and 
Thorp® in Illinois found one field case 
of vibrionic abortion positive to the ag- 


publica- 


*After this article was received for 
tion, another report dealing with vibrionic abor- 
tion in sheep was received and published by 


the American Veterinary Medical Association. 
See J.A.V.M.A., xevii (Nov. 1940), pp. 452-453. 

*‘McFadyean, J., and Stockman, S.: A Report of 
the Departmental Committee Appointed by the 
Board of Agriculture and Fisheries to Inquire into 
EXpizoitic Abortion. Part III and Appendix to Part 
III, Abortion in Sheep. (Wyman and Sons, Ltd., 
London, 1912.) 

‘Carpenter, C. M.: Researches 
associated with abortion in ewes. 
York State Vet. Coll., 1918-1919 (1920). 

5Welch, H., and Marsh, H.: Vibrionic abortion 
in sheep. J.A.V.M.A., Ixv (1924), p. 203. 

‘Graham, R., and Thorp, F. Jr.: Vibrionic abor- 
tion in sheep. J.A.V.M.A., Ixxvi (1930), p. 568. 
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7Gilman, H.: Vibrionic abortion in sheep. Cor- 
nell Vet., xxiv (1934), p. 207. 
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glutination test, using the Vibrio as the 
antigen. Welch and Marsh® of Montana in 
1924 injected three ewes intravenously with 
the Vibrio. All three aborted and the sera 
of two of them shortly after aborting was 
positive in the 1:50 dilution and incomplete 
in the 1:100 dilution. Although we have 
obtained a high agglutination titer on some 
of the sera of aborting ewes, the test at 
present does not offer a practical means of 
determining the infected individuals or 
even of diagnosing the disease in a flock. 

The trouble usually is encountered late 
in the season when most ewes are soon due 
to lamb, which may account for the fact 
that few attempts have been made in the 
United States to reproduce the disease with 
the Vibrio. Where successful results have 
been obtained, intravenous inoculation was 
commonly used. If one wishes to determine 
the effects of the oral administration of 
such materials as pure cultures of the 
Vibrio, the vaginal discharges of aborting 
ewes and the fetal fluids, the ewes should 
be far enough away from lambing to allow 
time for infection to be produced. The 
organism appears to lose its virulence on 
artificial media rather soon, and this is a 
handicap to work in reproduction. Welch 
and Marsh’ placed five pregnant ewes on 
experiment in connection with this phase 
of the work. Two were given the organ- 
ism orally and did not abort. Three were 
injected intravenously and they all aborted. 

Graham and Thorpe® found that the in- 
jection of the Vibrio did not cause pregnant 
guinea pigs, rabbits or sows to abort. Stock- 
man and McFadyean* also found that the 
organism would not produce abortion in 
guinea pigs and rabbits and that it was not 
pathogenic for them. By a combination of 
injections with fresh material containing 
the living Vibrio, they succeeded in produc- 
ing abortion and again finding the Vibrio in 
18 out of 68 pregnant ewes. The method of 
infection consisted in oral administration, 
intravenous inoculation or injection into t1e 
wall of the vagina. In some cases two /r 
all of these channels were used, and nf 
some cases large amounts were given it 
different intervals after conception. Jv:t 
how many of these received the organis™ 
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TABLE Il—Results of Experimental Infection 
Incu- | 
VE Meruop or Inrection | Dare Errect | Date LAMB BATION VIBRIO 
Jo. Periop | ISsoLATED 
|Pooled fetal fluids from field} Mar. 13° 
cases as a drench | Repeated Not 
Mar. 29 | Lambed | May 23 Norm: al | attempted 
30 |Vibrio culture 1 as drench;| Mar. 13 
0.5 ce. culture 1 intraven- Not 
ously Apr. 2 Lambed | May 25 | Normal attempted ibe 
38 v ibrio c altare 1 as diene th Mar. 13 Lambed | June 15 Norm: ry Not 
attempted 
99 Fetal Snide and vaginal dis- 
charges of ewe 207 as ; Not i 
drench after Cu 80s Apr. 22 Lambed | May 22 | Normal | attempted 
200 |Same as ewe 199 Apr. 22 Aborted May 9 |Small, weak | 17 days | 
| deadinfew | 
| hrs.; liver 
lesions | 
201 |Vibrio culture 2 as pene +h ‘Apr. 22 Aborted | May 8 |About 4 mo. 16 days 
after Cu SO, | | 
202 V Fibrio culture 2 in conjunc-| Apr. 19 Lambed | May 20) Normal \Not 
tival sac attempted 
205 |5 ce. Vibrio culture 1 intra-| Mar. 3 Aborted M: ay 14 |About 3 mo.; | 72 days | + 
venously | conge 
| liver | 
206 5 ce. Vibrio culture 1 intra-| Mar. 30 | Aborted | Apr. 9 About 4mo.; | 10 days | + 
ve dy stokia 
207 |Vibrio culture 1 as drench | Mar. 30 Aborted | Apr. 20 |About 4 mo.; 20 days + 
| after CuSO, | liver lesions 
208 |Fetal fluids and vaginal dis-| Apr.9 | Aborted | Apr. 27 Small, weak, 18 days + 
charge of ewe 206 after dead in few 
| CuSO, hrs. 
y oral administration alone was not given the aborted lambs by the intravenous route. 
n their report. Others were given the pure culture as a 
Carpenter? injected two ewes intrave- drench without the use of copper sulfate. . 
ously with 10 cc. of pooled stomach con- In some the pure culture was given as a 
ents of three aborted lambs containing drench immediately after the use of cop- 
he Vibrio. One aborted in 14 days, but per sulfate in an effort to get the culture 
he Vibrio could not be found. The Strepto- to go directly to the abomasum. Some were 
occus viridans and a member of the colon- given the fetal fluids and vaginal discharges 
erogenes group were isolated from the orally both with and without the use of 
borted lamb. The other ewe lambed nor- copper sulfate. In one pregnant ewe the 
aally. pure culture was placed in the conjunctival 
Our experimental work upon pregnant sac. Table II summarizes the results of 


wes this spring has not been extensive, 
ut the results have been interesting. 


‘ifteen ewes were used in this work. Some 
ere given the Vibrio in pure culture from 


attempted infection. 
In addition to the ewes listed in table II, 

two ewes given vaginal discharges and iso- 

lated cultures from field cases were not 
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pregnant, and two others given 5 cc. of cul- 
ture 2 intravenously died as a result of the 
injection within 24 hours. It is shown that 
abortion was produced in six of the remain- 
ing eleven ewes, and one of the five ewes 
which did not abort received the culture 
only by the conjunctival route. Two which 
aborted received the culture intravenously 
in 5-ec. quantities. Four aborted which re- 
ceived the organism in the various materials 
as a drench after the use of copper sulfate. 


DISCUSSION 


It appears that the Vibrio was definitely 
established as the cause of abortion in three 
of the five outbreaks in Wyoming which 
were investigated. It is believed that the 
results obtained prove that the disease is 
transmitted from aborting ewes to nonin- 
fected ewes in from ten to 21 days or 
longer. It seems advisable, therefore, that 
when the veterinarian encounters abortion 
in ewes, he should recommend everything 
possible to prevent the disease from being 
transmitted to other ewes in the flock which 
might not be infected. This is especially 
true if the flock or band has a month or 
more of pregnancy remaining. 

Special efforts were made in flock 4 to 
isolate a Vibrio, but without success. When 
the first aborted lambs from this flock 
proved negative bacteriologically, more 
aborted lambs were obtained. These were 
also negative for the Vibrio. Three organ- 
isms were isolated from these lambs. For 
lack of a better name, we called them a 
bipolar organism, an Actinomyces-like 
organism and a yeast-like organism. These 
were pooled and given intravenously and 
also as a drench to three pregnant ewes. 
No abortion or disturbances were produced 
and they were considered of no etiologic 
significance in the abortion in this flock. 

The English workers reported finding a 
Vibrio in a flock with similar history and 
symptoms. They concluded that the Vibrio 
was the cause of the emaciated condition, 
numerous abortions and high death losses 
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among the ewes in this flock. We feel cer- 
tain that lack of feed was the cause of t} 
trouble in flock 4. We believe vibrionic 
abortion was the cause of the trouble in 
flock 3, although bacteriologic findinss 
were negative. 

Inasmuch as the abortions in these five 
flocks occurred the past spring, it is im- 
possible to say whether the disease will 
carry over to another year. English in- 
vestigators® found 10 per cent sterility in 
ewes which aborted as a result of infection 
with the vibrionic type of the organism. 
Graham and Thorp® reported that the flock 
in which they found the Vibrio to be the 
cause had a reappearance of the disease the 
following year in the same ewes on the 
same premises. Baker and Stone! found 
that eight ewes which aborted from Spiril- 
lum ovis infection did not abort the fol- 
lowing year. This is the first year we have 
encountered vibrionic abortion. The abor- 
tion reported upon previously was similar 
to that described by Howarth® and was 
caused by an organism of the Escherichia 
genera. This type of sporadic abortion has 
had no carry-over on either the premises or 
in the animals. 

What the source of vibrionic infection 
was in these cases we are not prepared to 
state. In every case in which we isolated 
the organism, the ewes had access to stag- 
nant, fecal-contaminated water. If there 
is a carry-over to the following season, it 
would be our opinion that a few of the ewes 
get infected from stagnant contaminated 
water. These in turn, when aborting, serve 
as a means of infecting others. 

It is also our opinion that a continuance 
of abortion for six weeks to three months 
in a flock, when the animals have been 
moved and given unquestionable water and 
a change of feed, is often due largely to the 
fact that the animals become infected from 
ewes in the flock which have aborted. 


*Howarth, J. A.: B. coli-like organism causi: ¢ 


abortion in sheep. Cornell Vet., xxii (1932), p. 2 
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Methods of Evaluating the Efficacy of Anthelmintics 


HENRY E. MOSKEY,* V.M.D., and PAUL D. HARWOOD,} Ph.D. 
Washington, D. C. 


The Food and Drug Administration of 
tne Federal Security Agency and the 
Zodlogical Division of the Bureau of Ani- 
mal Industry receive many requests for 
detailed information on methods to be em- 
ployed in the critical evaluation of anthel- 
mintics. Many of these inquiries have been 
made as the result of the activities of the 
Food and Drug Administration against 
misbranded worm remedies in the enforce- 
ment of the Food and Drugs Act of 1906, 
which has now been superseded by the Fed- 
eral Food, Drug, and Cosmetic Act of June 
25, 1938. The latter act not only places the 
responsibility for the efficacy claims for any 
anthelmintic squarely on the manufacturer 
or shipper, but in the case of a new drug, 
an appropriate application must be filed 
with the Administrator of the Federal 
Security Agency, accompanied by data of 
adequate scientific investigations to show 
that the drug is safe when used in the dos- 
age, and with the frequency or duration 
prescribed, recommended or suggested in 
the labeling thereof. While the new drug 
section of the Food, Drug, and Cosmetic 
\ct deals solely with the safety of the drug, 
the question frequently arises in the case 
of anthelmintics as to the justification of 
the anthelmintic claims made for the prod- 
ct on the label accompanying the applica- 

on in which the claims are not based on 
dequate tests. While it is not possible to 
escribe a test which will prove adequate 
nder all conditions, a discussion of the 
arious methods that have been employed 
1 anthelmintic research may be helpful to 
hose individuals who are seeking for the 
rst time to determine whether a certain 
ibstance is or is not effective for the re- 
10val of helminths from domestic animals. 


Tests Useful in Anthelmintic Research 
In view of the fact that the various 
ecies of helminths may differ in habits 
*Food and Drug Administration, Federal Security 
gency. 


*Zoblogical Divison, Bureau of Animal Industry, 
S. Department of Agriculture. 


and responses as widely as do the different 
domestic animals which they parasitize, the 
student of anthelmintics has to consider 
and to allow for all these variations as well 
as for the variable physical and chemical 
properties of the substances which may be 
used as vermicides. Consequently, all gener- 
alizations can not be made to apply to all 
specific cases, and in each instance the facts 
determined by carefully conducted tests 
must be taken into consideration. 

A number of tests, which may be grouped 
ander a few types, have been devised in the 
past to meet these variable conditions. The 
useful tests may be divided into two classes, 
namely, in vitro tests and in vivo tests. 
The latter class may be further subdivided 
into (1) the dilution egg-count test, (2) the 
critical test and (3) the controlled test. The 
kind of test to be employed must be de- 
termined by the purpose of the investiga- 
tion, the means at the command of the 
investigator, and the parasite under con- 
sideration. 


IN VITRO TESTS 


In vitro methods which have been used 
in the past have varied greatly. Some in- 
vestigators employ methods which consist 
of little more than a test tube in which the 
helminth is exposed to the chemical. Other 
investigators employ complicated appa- 
ratus, or they seek to interpret results by 
means of complex statistical analyses. Al- 
though special equipment or special analy- 
ses may be of value under some conditions, 
in general the more nearly the conditions 
of the in vitro test approach in vivo condi- 
tions, the more likely will the results 
obtained prove of value. Recently much 
publicity has attended the in vitro demon- 
stration that pineapple juice would digest 
Ascaris. Probably tests conducted in the 
presence of digestive enzymes ordinarily 
present in the alimentary canal would have 
shown that this discovery was of academic 
interest only, since the enzymes contained 
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in pineapple juice are inactivated by the 
usual digestive enzymes.* This example 
illustrates only one of the numerous ob- 
stacles confronting the investigator who 
attempts to apply the data obtained from 
in vitro tests to the conditions which pre- 
vail in the animal body. 

The rapidity with which a large number 
of substances may be tested against hel- 
minths by the in vitro method is largely 
responsible for the popularity of this 
method, although the results obtained in 
this manner are not directly applicable to 
the conditions existing in the body of the 
host animal. If the investigator wishes to 
test a large number of substances, all of 
which belong to a homologous series of 
chemicals, or which exhibit some type of 
close chemical similarity, he may obtain 
in vitro results which are suggestive of re- 
sults which may possibly be obtained in 
vivo, but even with substances having great 
chemical similarity, the investigator must 
be careful to make due allowance for many 
physical characteristics among which are 
the water solubility and the melting point 
of the chemical that is being tested. 

In our experience closely related chemi- 
‘als which differ in water solubility have 
in in vivo tests shown great variation in 
the anthelmintic efficacy, but comparatively 
little difference when tested in vitro. Con- 
versely, variations in the melting point of 
related compounds, within the range of 35 
to 100° C., have exerted great influence on 
the in vitro efficacy, but comparatively little 
on the in vivo efficacy. These are only two 
of the many factors which regularly pro- 
duce a difference between the results of in 
vitro as compared with in vivo tests. As 
the combination of these factors varies with 
the characteristics of each chemical em- 
ployed, with each host animal to be con- 
sidered, and with each parasite involved, 
the nature and the direction of the varia- 
tion can not be predicted with certainty 
for any particular chemical. Therefore, in 
vitro results can not be accepted as proof 
of anthelmintic efficacy or the lack of such 


*Since this was written, Kuitunen-Ekbaum 


(Science, xci, p. 241) reputed experiments which 
demonstrate that pineapple juice is inactive in vivo 
in dogs. 
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efficacy until adequate in vivo tests hav 
been performed. 
IN VIVO TESTS 

To determine with certainty the efficac, 
of any chemical as an anthelmintic, it is 
necessary to test it in vivo against one or 
more species of helminths. This process 
does not differ in fundamentals from the 
methods of scientific research employed 
generally in the biological and physical 
sciences. The subject matter of anthel- 
mintic research is different from that of 
other fields, but the fundamental methods 
of all are identical; and these methods were 
described succinctly in a famous essay, “On 
the Educational Value of the Natural His- 
tory Sciences,” by Thomas H. Huxley, as 
follows: 

1. Observation of facts—including under 
this head that artificial observation which is 
called experiment. 

2. That process of tying up similar facts 


into bundles ticketed and read for use [in re- 
search, but not in practical therapeutics], 
which is called Comparison and Classification 
the results of the process, the ticketed bundles, 
being named General propositions. 


3. Deduction, which takes us from the gen- 


eral proposition to the facts again—teaches us, 
if I may so say, to anticipate from the ticket 
what is inside the bundle and finally— 

4. Verification, which is the process of as 
certaining whether, in point of fact, our antici 
pation is a correct one. 

These are the fundamental methods to be 
used in testing anthelmintics, but it is espe- 
cially dangerous in the field of therapeuti: 
research to neglect the important step of 
verification. As Huxley points out, all nat 
ural philosophers for nearly two centuries 
following Harvey’s great discovery believed 
that throughout the great phylum of th 
chordates, from Amphioxus to man, bloo 
circulates in only one direction, but thi 
simple deduction failed of verification i1 
one peculiar group, the Ascidians, althoug! 
it seemed to be based on the widest an 
safest inductions. Possibly von Hasselt’ 
demonstration of the regular reversal 0 
blood circulation in the Ascidians great! 
disturbed the more dogmatic natural phil 
osophers, but this misconception of near]. 


} 
t 
a 
T 
a) 
u 
a 
al 
a 
ry 
d 
] 
a 
or 
n 
0) 
m 


ary 1941 
tw centuries’ standing was responsible for 
no other important damage. 

lowever, the therapeutist 
drigs, which may be potentially harmful 
to the animal treated, either by direct toxic 
ion of the drug or by failure of the drug 
remove an injurious parasite for which 
it has been recommended. Obviously, the 
therapeutist can not afford to act upon an 
iverified deduction. For example, normal 
butyl chloride is effective for the removal 
of hookworms from dogs, and it is possible 
that the drug will prove effective against 
hookworms in man, but to prove the point 
it will be necessary to administer the drug 
experimentally to human beings. 

In general, a drug which is very effective 
for the removal of one species of nematode 
will be somewhat effective for the removal 
of closely related worms from the same or 
closely related species of hosts; however, 
so many exceptions to this rule are known 
that no generalization is safe until ade- 
quate experimental data are available. 

Dilution Egg Count.—In order to evalu- 
ate the effect of a drug against a parasite, 
a suitable method of testing must be 
adopted, since most helminths live in the 
body cavities where anthelmintic action can 
not be observed directly. The dilution egg 
count, first described in detail by Stoll and 
Hausheer, has been widely used for this 
purpose, and it is perhaps the best method 
for estimating the anthelmintic efficacy of 
drugs to be used in human medicine. When 
using this technic, the investigator places 
a measured quantity of feces in a flask and 
adds a measured quantity of fluid, usually 
a very dilute solution of sodium hydroxide. 
The flask is shaken until the fecal sample 
is thoroughly disintegrated, and a small 
mcasured quantity is withdrawn while the 
flask is being agitated sufficiently to main- 
tan an even suspension of the eggs in the 
fiid. The egg content of the small sample 


deals with 


is letermined with the aid of a microscope, 
an! in this way the number of eggs per 
grim of feces is calculated. 

Vhen applying this technic to anthel- 
m itie research, the investigator makes one 
0: more dilution egg counts before treat- 
m it and another, or several others, shortly 
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after treatment has been administered. It 
is customary to assume that any changes 
between the two egg counts are due to the 
effect of the drug. To illustrate: If a stool 
eliminated by a man contains 3,000 hook- 
worm eggs per gram of feces before treat- 
ment, and only 300 eggs per gram ten days 
after treatment, some investigators have 
assumed that the drug in question has re- 
moved 90 per cent of the female hook- 
worms. One objection to this method is 
that in the case of a drug which depresses 
reproductive activity of the helminths 
without destroying the parasites, an indi- 
cated efficacy may result which is greater 
than the actual number of worms removed. 
Since other factors may cause wide varia- 
tions in the egg production of helminths, 
data collected by the use of the dilution 
egg-count method alone can not be con- 
sidered as proof of a high degree of efficacy, 
unless the investigator has devised reliable 
experiments for testing the systematic 
error which may cause a deviation from the 
true results. The dilution egg count can 
not be used in testing the effectiveness of 
a taeniacide, or of medicaments aimed at 
parasites whose eggs do not appear regu- 
larly in the feces. 

Critical Test.—Since Hall advocated the 
use of the critical test, this method has been 
employed widely in anthelmintic research 
on domestic animals. In this test all feces 
eliminated by the experimental animal for 
three or more days following treatment 
are collected and examined carefully for 
worms; in this manner the number of 
worms removed by the treatment is deter- 
mined. When the elimination of the worms 
has ceased, the animal is killed and the 
organs searched for helminths. The total 
number of worms eliminated in the feces 
plus the total found in the anima] at 
necropsy is regarded as the total present 
at the time of treatment, and by simple 
arithmetical calculation it is possible to 
determine the percentage of efficacy of the 
drug. However, the critical test must be 
repeated on a sufficiently large number of 
animals before the results obtained can be 
regarded as reliable, since it occasionally 
happens that many of the helminths present 
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in the gastrointestinal tract of an animal 
may be eliminated for reasons that have 
nothing to do with anthelmintic medication. 
Furthermore, under experimental condi- 
tions almost any anthelmintic may exhibit, 
for no apparent reason, more or less wide 
variations in efficacy in different individual 
hosts of the same species. Repetition of 
the test, therefore, is the only certain way 
of determining the extent of this variation. 

In the case of herbivorous animals, when 
given a slow-acting or partially effective 
anthelmintic, a certain percentage of the 
intestinal parasites removed are digested 
before they can be evacuated in the feces. 
This is the most serious source of system- 
atic error in the use of the critical test. 
However, with the more effective anthelmin- 
tics now in use, this error is not important, 
because of the very high degree of efficacy 
exhibited by these drugs in spite of the fact 
that some parasites may be destroyed in 
the alimentary tract and are not found in 
the feces. 

Critical tests may also be used to esti- 
mate the systematic error involved in the 
dilution egg-count method. Should the 
manufacturer rely entirely on dilution egg- 
count experiments to estimate the efficacy 
of a drug which he subsequently labels as 
a treatment for the removal of some specific 
worm, the manufacturer or shipper may 
find himself embarrassed if critical tests, 
conducted by the Food and Drug Adminis- 
tration in the enforcement of the Food, 
Drug, and Cosmetic Act, should demon- 
strate that the product will not accomplish 
what the label implies. For instance, cer- 
tain foreign investigators have claimed, on 
the basis of fecal egg counts, that some 
organic arsenicals are effective for the re- 
moval of all strongyles from horses. Should 
the manufacturer conduct critical experi- 
ments on several horses, the results might 
show that the drug was very effective for 
the removal of small strongyles from 
horses, but almost wholly ineffective for the 
removal of the large strongyles. Since the 


common large strongyle, Strongylus vul- 
garis, is the most pathogenic nematode of 
the horse, it would be misleading to veter- 
inarians, and to livestock men, to represent 


the product as effective against all spec’es 
of equine strongyles. Instances somewhat 
similar to the above hypothetical case have 
been the subject of action in the enforce- 
ment of the Food and Drugs Act of 1906. 
Although the critical test is not the only 
method that might be used to evaluate data 
collected by the use of dilution egg count, 
it appears to be the most rapid, since the 
investigator can detect simultaneously er- 
rors due to several causes. 

The critical test is not reliable for the 
determination of the efficacy of certain 
taeniacides unless adequate precautions are 
observed. Strobilae eliminated must not be 
counted as worms eliminated. As the scolex 
or head of a tapeworm is the growing point, 
it is the essential portion of the parasite 
and must be removed before it can be 
claimed that the worm has been eliminated 
or destroyed. Likewise, if the scolex is 
small, as is the case with most species, the 
host animal must be retained for two or 
three weeks so that the parasite may grow 
large enough to make its detection at 
necropsy certain. Occasionally the scolex or 
head of certain cestodes may be destroyed, 
presumably by digestion, after the drug has 
killed the parasite in the alimentary canal; 
in such cases critical tests are of little use. 

Controlled Test.—The controlled test is 
the most time-consuming of the methods 
which may be employed to prove anthel- 
mintic efficacy. This test has been found 
most valuable when artificial infestations 
are employed, because natural infestations, 
even among animals from the same source, 
vary so widely that a very large number 
of experiments must be conducted before 
significant results are obtained. With ani- 
mals, like chickens, which may be raised 
easily under conditions which will prevent 
extraneous infestation with helminths, ‘he 
method has proved useful, especially when 
investigating the value of drugs against 
those tapeworms which can not be stud ed 
satisfactorily by means of the usual critical 
test. In this type of test the experime: tal 
birds are infested by administering 50 cy :ti- 
cercoids of the tapeworm in question. Al oul 
the time the tapeworms reach maturity »ne 
half of the fowls are treated and the ot 1er 
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h: | retained as controls. Two weeks after 
h treatment the fowls are killed and the 
nunber of tapeworms in all birds deter- 
mined. The number of tapeworms recov- 
er d from the control birds is taken as 
the probable number of tapeworms present 
before treatment and the number found in 
the treated birds as the number not re- 
moved by the treatment. If ten treated and 
ten control birds are used in each experi- 
ment, consistent results can be obtained, 
but, of course, a single experiment is not 
sufficient to prove the therapeutic value of 
a taeniacide. 
Summary and Conclusions 

This brief discussion has dealt almost 
entirely with the methods which have been 
employed to evaluate the efficacy of anthel- 
mintics used for the removal of helminths 
parasitic in the alimentary canal. While 
important parasites of man and domestic 
animals occur in other locations, the specific 
medication for the removal of such para- 
sites has not been studied sufficiently to 
make possible any generalizations of interest 
on the subject. For special methods of re- 
search employed in these cases, interested 
investigators should consult the literature. 

The safety of the drug is a matter of in- 


EVALUATING THE EFFICACY OF ANTHELMINTICS 59 


terest to all investigators, practitioners, 
livestock men and pharmacists, but it is 
outside the scope of the present article. 
Certainly no drug should be advocated as 
an anthelmintic unless some information on 
its therapeutic index is available. 

The determination of anthelmintic effi- 
cacy involves the application of specialized 
knowledge to a special problem. No one of 
the methods outlined above is satisfactory 
for the investigation of all problems in this 
field. While combinations of one or more 
of these methods may be used in some cases, 
others may require the development of en- 
tirely new methods. From these considera- 
tions it should be obvious that anthelmintic 
research should not be attempted except by 
those who are familiar with the basic prin- 
ciples of helminthology and therapeutics. 
Even experienced helminthologists must 
proceed cautiously, and they must limit 
their conclusions to subjects which have 
been covered adequately by experimental 
data. Either the critical test or the con- 
trolled test, when properly carried out, will 
yield reliable information in many in- 
stances, but the other methods which have 
been used to study anthelmintic efficacy 
must be employed cautiously. 
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Vitamin A Deficiency in Horses 
C. E. HOWELL, B.S., M.S., G. H. HART, V.M.D., and N. R. ITTNER, B.S. 
Davis, Calif. 


IN THE DEVELOPMENT of the vitamin A 
studies on various species of farm animals 
at this experiment station it was cbserved 
that rations fed to deplete the experimental 
animals were not greatly different from 
what would be considered normal rations 
for horses. Where yellow corn is not avail- 
able, practically all concentrates fed to 
horses are low in this factor. When the 
roughage consists of grain hay or even poor 
quality timothy hay, the intake of this vita- 
min with such forage may not be sufficient 
for minimum requirements. Such a possible 
deficiency would be alleviated by the wide- 
spread practice of turning horses out to 
graze on green pasture for varying periods 
of time during the summer season. It fre- 
quently happens in city horses and particu- 
larly in army horses stationed in semiarid 
regions that opportunity for pasturing does 
not exist. 

Abnormalities of nutritional origin in 
army horses have been reported from vari- 
ous parts of the world. Klemola! presented 
data on marked alterations in the hoofs of 
horses in the army of Finland. In that 
country the army-horse rations consisted of 
oats, dry hay and oat straw; there was no 
opportunity for pasture and rarely any 
other green fodder. Much of the hay be- 
comes bleached and leached in curing and 
samples submitted to Scheunert and Schieb- 
lich? in Leipsig showed no vitamin A to be 
present in it. Ten to 15 per cent of the cav- 
alry horses and 20 to 30 per cent of the 
artillery horses, constituting the older ani- 
mals, in the spring of the year particularly 
showed marked horn changes in the hoofs. 
This included brittleness, abnormal horn 


*From the Animal Husbandry Division, Univer- 
sity of California; the investigational work reported 
herein was financially supported and became co- 
Sperative, under a Bankhead Jones Project, with 
the U. S. Bureau of Animal Industry. 

iKlemola, V.: Biedermanns Zbl., B. Tierernihr., 
v (1933), p. 657. . 

*Scheunert, A., and Schieblich, M.: Biedermanns 
Zbl., B. Tierernihr., vi (1934), p. 133. 


growth with furrows and cracks, making 
shoeing difficult. A spongy crust was often 
present on the surface of the hoof wall 
toward the heels and the surface through- 
out was rough and scaly. The condition was 
markedly alleviated in experimental groups 
of horses totaling 113 head to which green 
pasture, A.I.V.* silage or cod liver oil was 
added to the basal ration, while no improve- 
ment occurred in others the basal ration of 
which was supplemented with potatoes or 
vitamin D: (vigantol). Careful histologic 
studies of the hoof changes showed a hyper- 
keratosis or overgrowth of the perioplic 
layer representing the stratum corneum of 
the skin epidermis and a marked atrophy 
of the tubular layer secreted by the coronary 
band. 

General debility of army horses due to a 
restricted diet, such as reported by Chate- 
laint in French army horses in French Indo 
China, is reported as common to those with 
experience in the East by Edwards® of the 
British army in his elaborate discussion of 
carotene deficiency and some common un- 
soundnesses in horses. Chatelain improved 
this condition by injecting cabbage pulp, 
cod liver oil and egg yolk into the affected 
animals. 

The first definite symptom of vitamin A 
deficiency in animals including the horse is 
night blindness. This condition was re- 
ported by Meadows® in horses and camels 
in Persia without knowledge as to its cause. 
It was stated that in military operations 
night blindness becomes serious, as affected 
animals are extremely nervous, dangerous 
and useless for operations in the dark. 

*Silage specially prepared by the use of hyvrc- 
chloric acid after the method outlined by A. ! 


Virtanen*® to preserve its vitamin A content. 
*Virtanen, A. I.: Cattle Fodder and Human \t- 


trition (Cambridge University Press, 1938), pp 
1-108. 

‘Chatelain, P.: Bul. Acad. Vét. France, vi (19 3), 
p. 452. 


‘Edwards, J. R.: J. Roy. Army Vet. Corps. ix 
(1937), p. 3. 
*"Meadows, D.: Vet. J., xxvi (1919), p. 140. 
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\s early as 1904, the idea of a single 
temic disturbance rather than trauma 
ering into a causal relation to the ab- 
rmalities of bones and joints in horses 
is suggested by Vivien and Augustin.* 
iey considered all arthritis in these ani- 
ils the same, differing only in secondary 
points. First would appear simple ecchy- 
noses or slight cartilaginous desquamation, 
then ulceration with cartilage disappearing 
the borders. Granulating osteophytes 
levelop at the margins and may unite one 
one to the other, resulting in ankylosis 
and even exostosis. They suggest a succes- 
sion occurs of osteitis, arthritis, ankylosis 
and exostosis. Thus spavin, for example, 
long considered a morbid entity, would be 
only a symptom, rather than a syndrome. 

The following year Williams, Fisher and 
Udall’ wrote on the spavin group of lame- 
nesses and included a variety of conditions 
affecting other joints. They called attention 
to the geographic distribution of these ab- 
normalities and presented evidence of their 
being almost enzoétic in one area and prac- 
tically unknown in another. They agreed 
with the idea advanced by Vivien and 
Augustin? that these abnormalities consti- 
tuted a systemic disturbance and laid stress 
on nutrition as playing the essential role 
in their etiology. 

Hare® studied a disease of joints of 
horses in England tending to chronicity 
which he considered was probably specific 
but due to no known specific cause and for 
which he used the term chronic arthritis. 
He examined ante mortem and post mortem 
a total of 146 horses, many of which were 
killed for meat purposes, and found 21, or 
11 per cent, affected with chronic arthritis 
and four lame from other causes. The ani- 
nals varied in age from 6 to 28 years and 
their owners had no precise recollection of 
t.e initial signs of the trouble. Bacteria 
could not be incriminated as the causal 
avent. The cartilage changes consisted of 

ngestion followed by a dull opaque ap- 


Vivien and Augustin: Rev. Gén. de Leclainche. 
( eviewed in Amer. Vet. Rev., 1904, pp. 712-715). 

Williams, W. L., Fisher, C. W., and Udall, D. H.: 
Pooc, A. V. M. A. (1905), pp. 283-348. 


Hare, T.2 Vet. Rec., xxxix (1927), pp. 411-421, 
-440, 
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pearance and uneven surface, the so-called 
fibrillation. The second stage consisted of 
erosion duplicated upon opposing articular 
surfaces. This was followed by furrowing 
or ridges. There was ankylosis in affected 
hock joints and eburnation of exposed bone. 
He stated it was reasonable to consider the 
proliferative changes in the marginal zone 
as analogous to those on the nonarticular 
surface of the bone which resulted in exos- 
tosis. 

Mitchell'’ '* has presented an elaborate 
hypothesis to the effect that many of the 
unsoundnesses of horses, including such 
widely different conditions as cataract, 
roaring, shivering, stringhalt, navicular dis- 
ease and the bony exostoses, ringbone, side 
bone, and spavin, listed under the horse- 
breeding acts of the British Isles and the 
stallion-registration laws of the United 
States, are not hereditary. On the other 
hand, he believes them to be of dietary ori- 
gin, involving mineral imbalance, particu- 
larly calcium, and phosphorus as well as 
vitamin deficiency, including possibly A, C 
and D, with stress being laid on A. He has 
classed the whole group provisionally under 
the term rheumatic disease. A _ great 
amount of clinical observations and some 
careful and complete postmortem examina- 
tions, but little controlled experimental] data, 
have been assembled to support the general 
thesis. Nevertheless, time, development of 
knowledge and experimental data are tend- 
ing to produce evidence that the intriguing 
and stimulating Mitchell hypothesis, al- 
though probably too broad in its generali- 
ties, is obtaining partial support. 

Kelser and Callender'’ reported upon the 
high incidence of what they termed equine 
degenerative arthritis in U. S. Army ani- 
mals in the Panama Canal Zone. In the 
spring of 1935, a survey divided the ani- 
mals into three groups. In the first group, 
comprising 48 per cent of the horses and 


Mitchell, W. M.: Vet. 


Rec., xlii (1930), pp. 
89, 535. 
“fbid.: Vet. Ree., xliii (1931), pp. 412, 1126. 
2Ibid.: Vet Rec., xlv (1933), p. 918. 
“Ibid.: Vet. Rec., xlvii (1935), p. 1501. 
“Tbid.: Vet. Ree., xlviii (1936), p. 1365 
»’Kelser, R. A., and Callender, G. R.: Vet. Med., 


xxxiii (1938), p. 307. 
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34 per cent of the mules, a total of 352 ani- 
mals were so badly affected that they were 
recommended for immediate disposal. The 
second group, recommended for retention 
for one year, comprised 249 animals, being 
32 per cent of the horses and 24 per cent 
of the mules, while only 20 per cent of the 
horses and 42 per cent of the mules, or 346 
head, were in condition to be recommended 
for indefinite retention. This affection was 
believed to be of dietetic origin and the 
standard ration of 14 lb. of grain hay and 
8 lb. of oats was changed in 1935 so that 5 
lb. of alfalfa hay replaced an equal amount 
of the grain hay, the effect of which has 
not been reported. 

Postmortem examinations were made on 
54 head and all of them had abnormalities 
in the articular cartilages which were the 
outstanding and characteristic lesions 
found. In a number of cases the joint le- 
sions were so extensive as to be out of pro- 
portion to the degree of lameness which had 
been shown. They did not find any evidence 
that the condition was osteomalacia and 
they had cases of the latter in mules from 
a nearby banana plantation to use for com- 
parison. The authors stated: “In many 
cases with marked erosions of the articular 
cartilages of the leg joints we have found 
the hard bone structure to be normal. They 
were dense in texture, flintlike in hardness 
and showed nothing which by any possible 
stretch of the imagination could be taken as 
evidence of osteomalacia.” In their cases no 
evidence of a relationship was found be- 
tween the degenerative joint changes and 
the productive alterations arising in the 
periosteum of the body of the bone produc- 
ing bone spavin and ringbone. On the other 
hand, they reported the army veterinarians 
had observed high incidence of spavin, ring- 
bone, etc., in army animals in Panama and 
that improvement followed the addition of 
alfalfa hay to the diet. 

In the face of these conditions it was 
thought to be desirable and means were 
provided to include horses in the studies of 
vitamin A deficiency of farm animals at 
this station. Data on minimum require- 
ments of vitamin A in these horses have 
already been published by Guilbert, Howell 
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and Hart.'® The data in this paper deal 
particularly with the combined vitamin A 
deficiency and varying calcium and phos- 
phorus ratios with particular reference to 
the extensive joint lesions present in all of 
the cases. 


Facilities, Animals and Rations 


The experimental animals, eleven in number, 
were all purebred Percherons born and reared 
in the University Farm Stud. Their history as 
well as that of their parents was known. Prior 
to being placed on experiment these animals 
received normal rations including alfalfa hay 
and irrigated pasture. 

All of the animals were kept throughout the 
experiment in four adjoining corrals partially 
roofed. The ground area not roofed was coy- 
ered with cement while a dirt floor was under 
the shed portion. Water was supplied in ce- 
ment drinking troughs. A cement runway ex- 
tended along the entire length of the four 
corrals at the opposite end from the shed, and 
in this runway the animals were tested for 
night blindness. 

The corrals were well arranged to prevent 
the animals from getting any food except that 
supplied to them in the mangers under the 
shed. 

Throughout the experiment the concentrate 
rations contained barley, oats, wheat bran and 
linseed meal. To this was later added beet 
pulp and cottonseed meal. They were fed to 
the first series at a daily average intake of 12 
to 13 lb., and in the second series without straw 
this was increased to from 17 to 19 Ib. 

The roughage when used consisted of bar- 
ley straw. As the experiments progressed, the 
horses depleted slowly and analyses made of 
the straw showed it to contain .05 to .10 mg. 
of carotene per 100 Gm. It was, therefore, 
withdrawn on June 6, 1938, after horse 1 and 
filly 4 died. 

All of the concentrates were low in or de- 
void of vitamin A, but analyses made of the 
concentrate mixture as fed showed .01 to .(2 
mg. of carotene per 100 Gm. of the feed. The 
rations are shown in table I. 

On these rations including the straw the ani- 
mals developed a marked tendency to chew on 
the woodwork of the fences, mangers and posts. 
In order to partially prevent this the woodwork 
was covered with woven wire, barbed wire or 
metal strips. 


Experimental Procedure 


FIRST SERIES OF HORSES 
These animals were started on experim¢ nt 
February 8, 1936. They consisted of fc ir 


“Guilbert, H. R., Howell, C. E., and Hart, G. 
J. Nutri., xix (1940), pp. 91-103. 
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£ |—Age, Weight, Date of Starting, and Death of Experimental Horses with Rations and the Ca:P 
Ratio, Appearance and Days Required to Produce Night Blindness 
A D D T T 
ANIMAL AGE | WEIGHT ATE AYS : OTAL OTAL NIGHT s 
up NUMBER IN IN OF ON Ca. %1N| P % BLIND- RE 
| STARTED | Days | Pounps} DEATH Exp. |‘\UMBER| 100 Ls. | 100 Lp Ap- | QUIRED 
PEARED 
Horse 1 | 2/8/36| 370 | 1,105 | 11/23/37] 652 | I 0.08 | 040 | 1:5 | 6/24/37} 501 
Filly 2 2 8 36 x 284 820 9/16/38 950 I 0.08 0 40 1:5 6/15/37 492 
IA* 0 11 0.70 1:7 
ores 3 2 8 36 376 930 3/23/39 1,139 II 0.42 0.39 1:1 6/24/37 501 
ITA® 0.70 0.69 1:1 
Filly 4 i 2 8 36 ; 324 965 3/8/38 758 II 0.42 0.39 1:1 10/28 /37 627 
Horse 5 | 5/25/38 444 1,170 9/6/39 169 Ill 0.10 0.71 1:7 7/6/39 107 
Horse 6 5/25/38 410 1,240 3/7/39 286 Ill 0.10 0.71 1:7 
D Filly 7 5 25 38 e 440 1,035 3/30/40 675 IV 0.44 0.39 1:1 8/8/39 440) 
Horee Ss 5 25 38 ; 383 1,075 3/17/40 662 IV 0.44 0.39 1:1 1/16/39 236 
p Horse 9 | 5/25/38 | 420 1,120 7/22/38 58 Vv 1.04 0.39 2:1 
Filly 10 | 5/25 38 441 1,145 10/3/39 496 Vv 1.04 0.39 2:1 3/16/39 295 
Horse 11 9 16 38 119 2 600 4 6 10/40 633 V 1.04 0.39 2:1 7/21/39 308 
IONS 
NUMBER I NUMBER II NumBer III NuMBER IV NUMBER V 
or: 30 0% Barley 30.0% Barley 30.0% Beet pulp 55 0% Beet pulp 53 5% 
30.0 Oats” 30.0 Oats 30.0 Barley 10.0 Barley 10.0 
\ oat bran 30.0 Wheat bran 30.0 Wheat bran 30.0 Oats 10.0 Oats 10.0 
ad meal 10.0 Linseed meal 8.5 Linseed meal 5.0 Wheat bran 10.0 Wheat bran 10.0 
Straw daily 10.0 lbs.| CaCos 1.5 Cottonseed meal 5.0 Linseed meal 10.0 Linseed meal 10.0 
ee. Straw daily 10.0 Ibs. Cottonseed meal 5.0 Cottonseed meal 5.0 
CaCos3 l 5 
7 
NuMBER IA NuMBER ITA 
ne as I without straw * Same as II without straw * 
‘No straw in any of the diets after June 6, 1938. 
ead varying in age from 284 to 376 days, Group A, Horse 1.—This animal was night 
nd weighing from 820 to 1,105 lb. They blind on June 24, 1937, 501 days after going 
She 2 , on the experimental diet. He received several 
re divided into two groups. 
ee 1 d fill 9 minimum vitamin A treatments in the form 
Group A, consisting of horse 1 an y & of alfalfa meal or cod liver oil. This animal 


‘eceived ration Iand I A (see table I). This 


ion had a Ca-P ratio of 1 to 5. 

Group B, consisting of horse 3 and filly 4, 
eived the same diet except that 1% lb. 
Ca CO, replaced an equal amount of lin- 
d meal, thus bringing the Ca-P ratio to 
level of 1 to 1. 

The animals received straw as a roughage 
the rate of about 10 lb. per day. After 
ng on the diet for periods varying from 
2 to 627 days, all of the animals showed 
‘ht blindness. 


showed swelling and lameness in the leg joints 
with stocking below the knees and hocks which 
was sufficiently serious to interfere with proper 
testing for night blindness. The joint affec- 
tion became rapidly worse after the withdrawal 
of vitamin A. Cod liver oil, 6 cc. per day, was 
administered from November 4 to 8, and an 
average of 35 cc. per day from November 9 
to 23. The animal went down November 8 
and was not able to rise until November 14. 
He developed decubital sores, marked weakness 
and anorexia and was killed in on 
November 23, 1937. 
Postmortem examination 


exrtremis 


showed 


marked 


i 

a 
n 
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TABLE Il—Analyses of Rib Bone from Each of Two Horses in First Series 
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( ( Po, 


ASH Ca Co Caz (Po,4)2 

Ca Co; 
Horse | 57.40 21.59 9.78 7.59 47 .60 6.3 
Filly 4 62.13 24.18 10.52 8.78 51.30 5.8 


joint lesions with excess synovial fluid in all 
the major joints of the fore and hind legs. 
These lesions involved the articular cartilages 
and underlying bone with a rarefying inflam- 
mation resulting in irregular ulcerated sur- 
faces of varying size in the cartilages and some 
pitting of the underlying bone. Figure 1 shows 
the bones of this animal after the soft tissues 
had been removed by simmering in ammoniated 
water at a temperature of about 85° C. Notice 
the marked pitting of the head of the femur 
beneath the articular surface. The joint lesions 
were similar to those described and illustrated 
by Kelser and Callender. In addition there was 
rarefaction of the bone away from the articular 
surfaces, also shown in figure 1. (See tables 
Il and III.) Evidence of this condition also 
was manifested in other bones, including the 
phalanges, by marked pitting of the surface. 
Figure 2 shows a photomicrograph of the can- 
non bone of this animal compared with that 
of filly 4. 

The molar teeth in this case were worn down 
close to the gums. This being the first animal 
coming to postmortem examination, it was 
thought at the time that the rather wide Ca-P 
ratio might be largely responsible for the con- 
dition of the bones and the joint lesions. The 
cod liver oil therapy during the last 19 days 
of life resulted in the liver tissue showing 112 
blue units of vitamin A per gram. 

Group A, Filly 2.—-This animal became night 
blind on June 15, 1937, 492 days after going on 
the experiment. She was given several periods 
of vitamin A treatment with alfalfa meal or 
cod liver oil in the study of minimum require- 
ments. Straw was removed from the ration 
on June 6, 1938, and thereafter none was fed 
to any of the animals. She showed marked 
lameness and had several periods of incoérdina- 
tion and actual convulsions. This was fol- 
lowed by difficulty in rising in the morning. 
Finally, for several days the animal was unable 
to rise and was killed on September 16, 1938. 

Postmortem examination showed joint le- 
sions as in the previous case. The bones were 
of normal density in marked contrast to the 
other animal in this group. (See table II.) 
The internal organs were normal and the liver 
was negative for vitamin A. 

Group B, Horse 8——This animal was found 
to be night blind on June 24, 1937, 501 days 
after going on the experiment. He was given 


several periods of vitamin A treatment in the 
study of minimum requirements. On May 4, 
1938, although night blind, he bred filly 2 
three times and his seminal fluid contained 
active sperm. This horse was in the same 
corral with filly 2 after horse 1 and filly 4 died, 

The eyes of this and other animals were 
examined August 23, 1938, with an ophthalmo- 
scope by C. K. Mills, ophthalmologist at the 
Woodland Clinic. Both corneas were suff- 
ciently clouded at the time to prevent clear 
observation of the fundus and disc, but still 
not as clouded as those of filly 2. No evidence 
of swelling or elevation of the disc could be 
detected in comparing the night-blind with 
normal animals. 

During the periods of night blindness this 
animal made a snoring noise in breathing, 
even when standing quietly. This improved 
on vitamin A therapy. Straw was removed 
from the ration on June 6, 1938. Following 
this, breathing became noisy and labored. A 
rather severe nasal hemorrhage occurred on 
February 15, 1939, and the animal went down 
but regained his feet. A second similar attack 
proved fatal on March 23, 1939. 

Postmortem examination showed no respira- 
tory alterations to account for the great diffi- 
culty in breathing. This was evidence that 
muscular paralysis from nerve involvement 


TABLE |I|—Density of Femur, Astragalus and Short 
Pastern Bones from Experimental Horses Expressed in 
Grams per Cubic Centimeter* 


SE Ss 
Horse 1 0.39 0.75 1.00 
Filly 2 1.00 1.19 1.20 
Horse 3 0.71 1.05 1.00 
Filly 4 0.76 1.29 1.25 
Horse 5 0.78 1.20 1.20 
Horse 6 0.66 1.10 96 
Filly 7 1.02 me 1.27 
Horse 0.89 1.16 
Horse 9 0.80 1.10 1.20 
Filly 10 0.82 1.37 1.24 
Horse 11 0.74 1.21 1.27 
Normal* 0.87 1.32 1.30 


*Normal was 7 years old when killed. [Td 
not have a normal the same age as the « 
perimental horses, 


Fig. |. Changes in bones of horse |. 


cartilage. 


tion of distal end of femur compared with normal bone of filly 4 (left). 


(B) Rarefaction of shaft of femur about area of muscular attachment. 


(A) Head of femur with marked pitting beneath articular 


(C) Sagittal sec- 
(D) Cross section of cannon 


bone compared with norma! bone of filly 4 (left). 


pplying the respiratory muscles might have 
en the cause. It could not be demonstrated 
the postmortem examination. The ary- 
ioid cartilages were normal and the clinical 
ndition did not resemble roaring. There 
is much greater effort required for the ani- 
il to inspire than to expire air. Marked 
nt lesions were present similar to those al- 
idy described. (See figure 3.) 
The animal had been on the ration 
ys and died at 1,515 days of age. 
Group B, Filly 4—This animal became night 
nd on October 28, 1937, 627 days after going 
experiment. She recovered on minimum 
amin A intake in the form of alfalfa meal 
32 days. Vitamin A therapy ceased Decem- 
1, 1937, and she was again night blind 
1uary 24, 1938. This filly was bred on 
ruary 17, 1937, by horse 3, group B, kept 
the same corral. Further breeding occurred 
subsequent heat periods. A_ positive rat 
for pregnancy was obtained on June 15, 
7. This animal died on March 8, 1938, 
m general peritonitis accompanying foaling. 


for 1,139 


The parturition required manual assistance be 
cause of malpresentation. The foal was fully 
developed, weighed 113 lb. and may have been 
alive when labor started, but was dead when 
delivered. Its liver was negative for vitamin 
A. The dam had been night blind 131 days 
before labor occurred, but had been given one 
minimum treatment with alfalfa meal, and 
straw was in the ration. The hoofs of this 
mare showed the most marked changes in the 
periople from vitamin A deficiency of any of 
our cases. (See figure 4.) 

Postmortem examination demonstrated the 
same joint lesions, particularly in both shoulder 
joints, as shown in the other three animals, al- 
though this animal and horse 3 had constantly 
been on a ration having a Ca-P ratio of 1 to 1. 
Figure 5 shows the weight curves of the ex- 
perimental horses. 


SECOND SERIES OF HORSES 


On May 25, 1938, six more horses rang- 
ing in age from 410 to 444 days were di- 
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Sections of the cannon bones of filly 4 (upper) and horse | (lower). 


with emery, unstained (x 170). 
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Sections ground 
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ed into three groups and placed on the 
icient concentrate rations. (See table I.) 
straw was supplied. The reduced vita- 
n A intake from the exclusion of straw 
ised night blindness to develop earlier in 
ese animals than in the case of the first 
ries of horses. 
They were divided into three groups as 
llows: Group C, horses 5 and 6, were 
aced on ration III with a Ca-P ratio of 1 
7. The concentrates were the same as 
for the first series group A animals except 
hat 5 lb. of cottonseed meal replaced an 
~“jual amount of linseed meal. 
Group D, filly 7, and horse 8 were given 
‘ation IV, which had a Ca-P ratio of 1 to 1. 
Group E, horse 9 and filly 10 received 
ration V, which was the same mixture as 
group D received except that 11% parts of 


- 


Ca CO, replaced an equal amount of beet 
pulp, thereby making the Ca-P ratio of this 
ration 2 to 1. The beet pulp was placed in 
the ration to provide bulk in the absence of 
roughage and to narrow the Ca-P ratio. 


Group C, Horse 5——This animal became night 
blind on July 6, 1939, 407 days after going on 
experiment, and was given minimum vitamin A 
therapy. In December 1938, he showed lame- 
ness in the left front leg from what was prob- 
ly an injury seven months after going on 
the experiment. Complete recovery occurred 
d no other lameness was manifested. 

Death occurred suddenly in this case on 
eptember 6, 1939, when the horse was still 
reasonably good condition. The animal was 
down 24 hours before death and showed some 
evidence of encephalomyelitis, other cases be- 


ng in the general vicinity at the time. The 
Division of Veterinary Science of the Uni- 
versity of California found no toxin in the 
brain and histologic sections failed to show 


the polymorphonuclear cell infiltration about 
the blood vessels and in the brain tissue, which 
e’cluded this infection. 

Postmortem examination showed the same 
j int lesions in the major leg-joint cartilages. 
V hile they were not as marked as in the 
0 ier eases, they confirm the statement of Kel- 
sr and Callender that the lesions in the joints 
w-re out of proportion to the amount of lame- 
n ss shown by the animal during life. The 
le-k of more extensive joint lesions in this 
c: se was accounted for by the rather sudden 
ith while still in good physical condition. 
e internal organs were normal and, in the 
a sence of encephalomyelitis, central nervous 
s\ stem involvement in the vitamin A deficiency 


= 
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might explain the early fatal termination. The 
liver tissue was negative for vitamin A. 
Group C, Horse 6—Night blindness was 
never definitely demonstrated in this animal. 
This may be accounted for by the fact that 
he became so lame that a proper test could 


Carotene treatment was given 
48 days of life and 250 blue 
A per gram of liver tissue 
mortem. (See “Discussion.”’) 
This animal grew rapidly and at death had 
a height at withers of 67 in. while the other 
animals measured 3 to 4 in. less. 

He became lame with incoérdination and had 
difficulty getting down and up and in moving 
about the corral, finally being in such extreme 
condition that he was killed March 7, 1939. 


not be obtained. 
during the last 
units of vitamin 
were found post 


Fig. 3. Joint lesions in horses 3 and II. (A) 
Ulceration on central ridge of articular surface 
of distal end of tibia, horse 3. (B) Similar 
condition on opposing surface of astragalus. 
(C) Ulceration on articular cartilage of distal 
end of humerus, horse 11. (D) Similar con- 
dition on opposing surface of radius. 


Postmortem examination showed widespread 
and well-advanced joint lesions similar to those 
already described. The knee joints were swol- 
len. The articular surfaces of the cartilages 
of these joints were not involved except for 
slight roughening at the margins. 

Group D, Filly 7.—This animal was started 
on experiment May 25, 1938, and shortly be- 
came pregnant to horse 8 kept in the same 
corral. She foaled normally April 23, 1939, 
but the foal was unable to nurse. After three 
days of effort on the part of attendants includ- 
ing the administration with difficulty of small 
amounts of milk from the mother and about 
750 cc. of cow’s milk, the animal still would 
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not suckle and it was destroyed. A vitamin A 
determination on its liver tissue gave nega- 
tive results. Failure to nurse in young ani- 
mals is a symptom of vitamin A deficiency. 
The joints of the foal were normal. On April 
26, 1939, the dam was partially defective in 
vision on a night-blindness test. She was again 
bred by horse 8 when he was night blind on 
May 10, 1939, and became pregnant. The ani- 
mal was night blind on August 8, 1939, 440 
days after going on the experiment. She was 
given one vitamin A treatment with cod liver 
oil to cure the night blindness. 

On October 13, 1939, 400 mg. of ascorbic acid 


Fig. 4. Hoof of filly 4, group B, showing 
marked scaling of the periople. 


was added daily to the ration in order to elim- 
inate possible vitamin C deficiency. The ani- 
mal developed soft, puffy swellings about the 
hocks. Beginning January 19, 1940, 4 oz. of 
brewers’ yeast of known biologic value was 
added to the basal ration to insure adequate 
vitamin B intake. This resulted in some tem- 
porary improvement in appetite, appearance of 
the coat and reduction in size of the swellings 
around the hock joints. 

After several weeks the coat again became 
roughened, hock swellings increased, and there 
developed marked lacrymation and dyspnea on 
slight exercise. The animal went down from 
attempts of horse 11 to ride her and died 
March 30, 1940. The dyspnea was similar in 
all the cases except for the hemorrhages shown 
only by horse 3. There was difficulty on in- 
spiration so severe that the nostrils were di- 
lated, mouth open and tongue extended with 
excessive flank movements in diaphragm con- 
traction. The animal would break out in ex- 
cessive sweating, go down and lie prone, and 
death would appear to be imminent. If death 
did not occur from asphyxia, the relaxation 
resulting from exhaustion would be followed 
by improved breathing and gradual recovery. 
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The condition is identical with the syndroine 
of paraplegia from lead poisoning where ther 
is paralysis of the muscles of both arytenvcid 
cartilages. 

Postmortem examination showed the sane 
typical joint lesions despite the addition of 
vitamins B and C in the diet. There was a 
fully developed foal in the uterus conceived 
on the May 10, 1939, service previously men 
tioned. The liver of both mare and foal were 
negative for vitamin A. The joints of the foal! 
were normal. 

Group D, Horse 8.—This animal was started 
on experiment May 25, 1938, at 383 days of 
age. He became night blind January 16, 1939 
after 236 days on the experiment. Several! 
vitamin A treatments with cod liver oil were 
given in the study of minimum requirements 

On October 13, 1939, when the animal was 
again night blind, 400 mg. daily of ascorbic 
acid was added to the diet. No improvement 
was observed from this addition. Symptoms pro- 
gressed including weakness, lacrymation, mot- 
tling of the cornea, swelling of the hock joints 
poor appetite, difficult breathing on slight ex- 
ertion and lying down a great deal. Finally 
he was found down with marked dyspnea on 
March 17, 1940, and death occurred that day 
Postmortem examination showed the character. 
istic joint lesions. The internal organs and 
respiratory passages were normal. The liver 
was negative for vitamin A. 

Group E, Horse 9-——This animal died July 
22, 1938, from encephalomyelitis, 58 days after 
going on the experiment. He was replaced 
by horse 11, to be discussed later. 

Group E, Filly 10.—This animal showed night 
blindness on March 16, 1939, 295 days after the 
experiment was started. Lameness also devel- 
oped early and became very severe. At times 
this animal showed an exaggerated and atypica! 
form of stringhalt in both hind legs (fig. 6) 
The leg would be flexed excessively on at- 
tempting to walk, thus raising the hoof al- 
most to the abdomen in the worse stages. Ex- 
cessive flexion continued for varying periods 
before again extending the leg and returning 
the foot to the ground. This might have been 
due to pain in the joint, but the other animals 
did not show it. At times incoédrdination was 
evidenced in the hind quarters, with a tend- 
ency to lean against objects to keep from fall- 
ing. Muscular shivering was present at these 
times, probably due to general weakness,’ 
the animal in some respects might have been 
considered a shiverer. There finally devel- 
oped difficulty in rising over the last seve“al 
weeks of life. Upon gaining her feet, mar}led 
shivering would occur for several minutes 

An English groom at the University Fam 
who had seen the syndrome known as shiver ’s 
in England was of the opinion that this anir al 
would be considered as a case of this trou! le. 
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id, it was desired to replace it. 
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death. 


1 her family there was another animal in the 
id but not on experiment which also showed 
ye evidence of being a shiverer, but the 


nptoms were very mild compared with those 
wn by this experimental animal. This ani- 


1:1 did not manifest marked respiratory diffi- 


ty but showed great weight loss (fig. 5) and 
ere weakness resulted therefrom. She did 

become pregnant although in the same 
ral with a male. Weakness became more 


\.rked, appetite failed, and the animal died 


October 3, 1939. 

-ostmortem examination showed extensive 
| severe joint lesions. The internal organs 
re normal and vitamin A determination on 
liver tissue was negative. 

troup E, Horse 11,—When horse 9, group E, 
A 2-month- 
foal born May 20, 1938, was the only ani- 
It was left with its mother 
alfalfa pasture during the summer and 


5. Weight curves of ten of the experimental horses from time they were started on experiment until 
Normal growth curve at left. 


1938, at 
same as 
(See 


placed on experiment September 16, 
119 days of age. The diet was the 
the horse which it replaced had received. 
table I.) 

On this regimen it developed definite night 


blindnes after 308 days, on July 21, 1939. One 
minimum curative treatment with cod liver 
oil was given. Night blindness again devel- 


oped September 14, 1939. On October 13, 1939, 
400 mg. of ascorbic acid was added to the 
daily diet and on December 14, 1939, 4 oz. of 
brewers’ yeast also was given daily. 

As in filly 7, temporary mild improvement 
followed the addition of the yeast. It was of 
short duration and the animal’s coat became 
roughened, with poor appetite, weak stumbling 
gait, sweating, and labored breathing on slight 
exertion. 

On June 10, 1940, at 11:30 a. m., the animal 
was standing under the shed as usual. He 
had not eaten all of the morning feed. Five 
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pebbles were thrown over the manger one after 
the other to cause the animal to move about. 
As each pebble hit him, it caused great ex- 
citement and efforts to move revealed weakness 
and incoérdination. In moving about 20 ft., 
he passed from under the shade of the shed. 
The glare of the sun or the heat of the very 
warm day disturbed the animal and with great 
effort he turned around. Respiration became 
affected and in staggering forward there were 
three or four whistling inspirations as a hemi- 
plegia. The animal went down as he reached 


4 


Filly 10, group E, with atypical string- 
halt. 


Fig. 6. 


the manger with profuse sweating, lay prone, 
nostrils dilated, mouth open and tongue pro- 
truding with marked flank movements. Death 
appeared imminent. After about 15 minutes 
he rose to his sternum and was left in this 
way at 12 o’clock. At 12:45 the animal was 
found dead. 

Postmortem examination showed the internal 
organs to be normal. The liver was negative 
when tested for vitamin A. The leg joints 
showed the typical lesions of the previous cases, 
but the changes in the joint cartilages were as 
severe as in any animal in the experiment, 
showing that the daily administration of amply 
sufficient amounts of vitamins B and C for 
five and eight months, respectively, had had 
no effect in alleviating the condition. (See 
figure 3.) 


Blood Examination 


During the long period that these horses 
were on the restricted regimens, blood 
samples were taken at about eight-week 
intervals for calcium, phosphorus and mag- 
nesium determinations. A total of 99 sam- 
ples were collected during the four-year 
period. The analyses were within the nor- 
mal range and failed to show anything that 
could be traced to variations in the cal- 
cium-phosphorus ratio of the diets. 

An average of all of the samples with 


averages of the first three and last three 
samples taken for each of the horses «re 
presented in table IV. The calcium content 
remained at about the same level in all of 
the samples throughout the experimen‘al 
period. There was a reduction in the phos- 
phorus as the animals advanced in age, 
which is physiologic, but it was more 
marked in some animals than in others. 


Bone Analyses 


When the marked bone changes were 
found to exist, chemical analyses were 
made to determine if normal mineralization 
existed. 

In table II the data from these analyses 
are presented for horse 1 and filly 4. These 
data show the total ash, calcium and phos- 
phorus as well as the calcium carbonate, 
tricalcium phosphate ratio to be normal. 
Despite this finding, the bones of horse | 
were so light compared with those of filly 
4 that further investigations were made. 
This reduction in weight was due to fail- 
ure of normal mineralization of the Haver- 
sian systems (fig. 2) and reduced thick- 
ness of the compact bone of the shaft in 
che long bones (fig. 1). Even more signifi- 
cant was the marked cancellation of the en- 
tire length of the compact bone, and this 
was equally weil marked in the _ short 
bones, such as the phalanges, and the mem- 
branous bones, such as the patella. 

Figure 1 shows a cross section of the 
cannon bones and a sagittal section of the 
distal end of the femurs of these two 
horses. The bone changes so marked in 
horse 1 were not again demonstrated in 
any of the remaining animals in the ex- 
periment. This animal’s mate, filly 2, kept 
in the same corral on the same rations, had 
very slight alterations in the quality of ‘he 
bone. On the other hand, joint lesions were 
common to all of the animals. 

We are, therefore, not in a position to 
attempt a satisfactory explanation of ‘he 
development of this advanced bone alte’a- 
tion in horse 1. 

On account of variations in age of th se 
horses and size of their bones it was n°c- 
essary to ascertain their water displae- 
ment in order to obtain an accurate ic 2a 
of the variations in density. These var a- 
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BLE 1V—Calcium, Phosphorus and Magnesium Analyses of Blood of Experimental* and Normalt Horses 


BLoop Catcium In Mc.% 


‘SE AVERAGE OF | AVERAGE | AVERAGE | AVERAGE OF 
BER | Art CaLcruM| OF FIRST oF LAST ALL Puos- 
| DETERMINA- | THREE THREE PHORUS De- 
TIONS | SAMPLES | SAMPLES | TERMINATIONS 
el 12.18 12.02 | 11.65 | 5.39 
2 12.00 11.92 11.57 | 5.76 
e 3 12.82 12.51 13.35 4 64 
1 12.39 12.11 12 36 4.93 
12210 | 12.21 12 49 5 48 
se 6 12.73 12 66 | 12.65 5.30 
7 13 .23 13 36 13.75 4.09 
se 8 12.83 12 65 13.28 4 42 
10 12.68 12.33 12.44 4 56 
Horse 11 13.25 13:12 | 14.58 4.63 
al 12 85 12.63 13.37 | 4 78 


| 
| 
| 
| 


Total 99 samples. 
Total 83 samples, from horses of comparable 


tions were great between horse 1 and all 
others examined. The bones were painted 
with liquid paraffin to prevent the entrance 
of water so that this could be demon- 
strated. These data are presented in 
table III. 

In rationing these animals, it was de- 
sired to supply all the feed they would 
clean up, which varied considerably from 
time to time. The straw supplied to the 
first series of horses was not weighed. The 
rations given to these horses were not 
chemically analyzed because the bone and 
joint alterations had not been anticipated. 
Vitamin A was the real factor under 
study. Barley straw grown on or in the 
vicinity of the University Farm is low in 
calcium, varying from .02 to .08 per cent. 
The concentrates given were weighed and 
recorded each day. 

In table I for the first series of horses 
while straw was being fed the Ca-P ratios 
hive been figured on an average intake 
© 10 Ib. of straw and 13 Ib. of concen- 
trates daily. The straw was estimated 
f om other analyses to contain .05 per cent 
¢ leium and .01 per cent phosphorus. The 
c neentrates fed to these animals were es- 
t mated to contain .11 per cent calcium and 
per cent phosphorus. 

Concentrates were fed alone to the sec- 
0 d series at the average rate of 17 to 19 
l!. daily and the latter figure used in cal- 
¢ lating the ratio. Diets 3, 4 and 5 were 
a alyzed for calcium and_ phosphorus. 
Tius, the widest calcium-phosphorus ratio 


BLoop PHOSPHORUS IN MG.% 


BLoop MAGNESIUM IN Ma.% 


AVERAGE | AVERAGE AVERAGE OF | AVERAGE | AVERAGE 
OF FIRST or Last ALL MAGNE- | oF First or Las1 
THREE THREE sium De- THREE THREE 
SAMPLES SAMPLES TERMINATIONS! SAMPLES SAMPLES 

65 3.62 2.97 3.01 2.85 
6.76 5 62 3.38 3.14 4.12 
5.83 2.53 2 45 2.15 1.95 
5.50 4.01 2.45 2.42 2.77 
6.03 5.32 2.93 3.19 2.96 
6.17 5.22 2.83 3.15 
5.69 3.85 2.55 2.57 2.78 
5.74 3.68 2 .26 2.78 2.18 
5.45 4 76 2.23 2 69 1.69 
5.43 4.40 2.36 j 2 07 2.52 
5.12 4.10 | 2.95 2 96 2 87 


ages in the farm stud. 


diets fed to horse 1 and filly 2 in the first 
series and horses 5 and 6 in the second 
series varied more in daily intake of phos- 
phorus than in calcium, the actual average 
daily intake being about 8.6 Gm. of cal- 
cium and 41.6 Gm. of phosphorus in the 
first two animals as compared with 8.6 
Gm. of calcium and 61.1 Gm. of phosphorus 
for the second two animals. The use of 
the calcium-phosphorus ratio is only an 
approximation at best. Availability is in- 
volved, particularly in the light of recent 
work tending to show the low absorbable 
phytic acid phosphorus, which constitutes 
a considerable part of the phosphorus in 
seeds, including cereal grains. 


Discussion 


The interpretation of the data obtained 
from these eleven experimental animals 
presents difficulties. 

All of the animals except horse 9, which 
died from encephalomyelitis 58 days after 
going on the experiment, developed symp- 
toms of vitamin A deficiency and this de- 
ficiency was allowed to progress until it 
was the primary cause of their death. All 
of the animals except horse 9 showed char- 
acteristic joint lesions. Horse 6, group C 
was killed in extremis after being on ex- 
periment 286 days without night blindness 
having been definitely demonstrated. The 
testing for this symptom was interfered 
with because of severe lameness. This ani- 


mal was given carotene treatment in the 
feed from January 17 to March 6, 1939. 
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A total of 375 cc. of cocoanut oil to which 
had been added 14 mg. of carotene per 
cubic centimeter was given over the period. 
Some improvement in the lameness was no- 
ticed for a time. This was temporary, how- 
ever, and it soon became difficult for the 
animal to rise even with help and it was 
destroyed on March 7. The 250 blue units 
of vitamin A per gram of liver tissue 
found post mortem could be accounted for 
from the carotene treatment. This animal 
had grown rapidly and had marked joint 
lesions. 

This case casts some doubt as to the 
etiologic relationship of vitamin A defi- 
ciency to the joint lesions in the animals 
because of the failure of the carotene treat- 
ment over the last 48 days of life to arrest 
the condition. A somewhat similar situa- 
tion occurred in horse 1, but this case was 
too far advanced before the cod liver oil 
treatment was started. 

The possibility of the rations being defi- 
cient in some other known or unknown 
dietary essentials was recognized. In order 
to eliminate vitamin C deficiency, horses 7, 
8 and 11 were given 400 mg. of ascorbic 
acid daily from October 13, 1939, to the 
date of death, covering periods of 169, 186 
and 240 days, respectively. To ascertain 
if more B complex than that in the rations 
was needed, horses 7 and 11 were given, 
in addition to the ascorbic acid, 4 oz. daily 
of brewers’ yeast during the last 71 and 
179 days, respectively, of their lives. These 
additions to the diet made little change in 
the animals and had no effect on the ter- 
minal result and lesions found. 

Because vitamin A lesions are so defi- 
nitely manifested in epithelial tissues, the 
attributing of joint lesions in tissues of 
mesoblastic origin to this cause must be 
done with discretion. Curative treatments 
in these cases would have been inconclusive 
because of the chronic nature of joint 
lesions and the lack of definite indices to 
recognize their incidence during life. The 
lack of joint lesions in the foals of fillies 
4 and 7 can not be explained. 

Two of the animals were carried on 
rations having a calcium-phosphorus ratio 
of 1 to 5, and two others with this ratio 
at 1 to 7. Only one of the animals, horse 
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1, showed marked skeletal alteratio.s. 
Filly 2, three months younger, on the sa ne 
ration at the same time except that straw 
was not fed during the last 102 days, and 
in the same corral had no comparable bone 
alterations. The bones of horses 5 and 6 
receiving the same calcium-content ration 
with the wider ratio were comparable with 
those of filly 2. Thus it would appear that 
marked individual alteration occurs in this 
species and that a 1:7 ratio is not a seri- 
ous factor in preventing normal calcium- 
phosphorus utilization and skeletal devel- 
opment. The rather wide ratio may or 
may not have been responsible for the in- 
dividual exception. Horse 1 had ample sun- 
light and sun-bleached straw in its ration, 
which, we feel, could eliminate a vitamin 
D deficiency. In other respects its environ- 
ment was identical with the remaining ani- 
mals. There was a reduction in blood cal- 
cium in this animal, but the average of the 
last three samples was higher than the 
same samples of filly 2. The blood phos- 
phorus became markedly reduced during 
the experiment, but still was not so low 
as that of horse 3, and about equal to that 
of horses 7 and 8. 

The difficult breathing in several of 
these animals was identical and became so 
marked that in the weakened condition of 
the animals it was the principal immediate 
cause of death. It is interesting in the 
light of Mitchell’s hypothesis attributing 
the cause of roaring to vitamin A deficiency. 

The experimental animals were under 
such conditions in small corrals and having 
joint complications that exercise to dem- 
onstrate hemiplegia was not obtainable. 
The marked dyspnea was due to a typical 
paraplegia. Only horse 11 was observed to 
make a whistling respiratory sound in a 
few respirations on the day of his death. 
The data provide good evidence that vi‘a- 
min A deficiency in horses in a consid:r- 
able percentage of cases affects the move- 
ments of the larynx and paraplegia is a 
frequent terminal symptom. 

The symptoms of atypical stringhalt aid 
shivering manifested by filly 10 were 1 ot 
sufficiently clear cut for us to discuss them 
further. The prolonged and _ excess ve 
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fi <ion of the hind legs may have been 
sed by the pain from the joint involve- 
m nt and the apparent evidence of shiver- 
may have been the result of extreme 
akness. The latter gradually developed 
all of the cases. 
[he reproductive processes in this spe- 
s as in the others studied continue to 
funetion until the deficiency is far ad- 
vanced, but gestation is affected. Filly 4 
became pregnant and died in foaling. Filly 
7 gave birth to one abnormal foal at term 
and died at the end of the second gestation 
period. These animals were bred by horses 
3 and 8, respectively. Horse 3 impregnated 
filly 4 about 30 days before he demon- 
strated night blindness and she became 
night blind after gestation had progressed 
about six months. Horse 8 impregnated 
filly 7 the first time shortly after they 
were started on experiment and both were 
normal. Foaling occurred about 3!» 
months before she was night blind. The 
foal was unable to nurse and its liver was 
negative for vitamin A. This dam was 
again impregnated by horse 8 on May 10, 
1939, 17 days after she foaled. Horse 8 
was night blind first on January 16, 1939, 
and although he received minimum levels 
of cod liver oil for a time, he was night 
lind when this fertile mating occurred. 
The mare became night blind August 8, 
1939, three months after impregnation. 
She was given treatment with minimum 
equirements of cod liver oil or carotene, 
was again night blind November 17, 1939, 
and died March 30, 1940, with the foal 
fully developed in utero. She had thus 


corried the foal for a period of eight months 


ater night blindness first developed and 
diring the last 117 days of life was con- 
tiiuously night blind. 

Sexual libido of horses 8 and 11 was 
rinifested until they were far advanced 
i) the deficiency. On postmortem exami- 
n tion the testicles were found to be soft 
ad flabby. Sections of the testicles of 
h rse 8 showed marked shrinking of the 
s miniferous tubules and great increase of 
i) ‘erstitial cells which produce the male 
s x hormone. Fillies 2 and 10 did not be- 
cme pregnant even though seen to breed 
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repeatedly to horses 1 and 9, respectively. 
Filly 2 also was bred by horse 3. 

The eye symptoms in these cases were 
characteristic as in the other species 
studied so far as the night blindness was 
concerned. Typical xerophthalmia as some- 
times seen in cattle did not develop, but 
there was keratinization of the cornea 
manifested by irregular opaque streaking 
which appeared to be an infiltration within 
the layers, rather than the surface being 
affected. In the most advanced cases the 
eyes were partially closed and the infiltra- 
tion extended, making the entire cornea 
cloudy so that examination of the deeper 
structures of the eye with the ophthal- 
moscope was difficult and the animal mani- 
fested a dull, listless appearance. 

One eye from each of three of the ex- 
perimental animals——filly 2 and horses 3 
and 6—-with a normal eye from a control 
animal were sent to Dr. Katherine Tansley, 
University College, London, for study of 
the retinal changes. On account of war 
conditions this study has not been com- 
pleted. 

None of these cases developed any evi- 
dence of permanent blindness from pinch- 
ing off of the optic nerves in the optic 
canals as has been commonly found in 
young cattle. This may have been due to 
their age when deficiency was manifested, 
but no naturally occurring cases of this 
condition in horses have been reported. 

The growth curves of these horses (fig. 
5) show considerable variation. This was 
in part due to vitamin A therapy. The 
curves of filly 4 and horses 5 and 11 show 
that a fatal termination can occur without 
great weight loss. 


Conclusions 


The data on these eleven horses indicate 
that the progressive condition leading to 
death from vitamin A deficiency shows a 
quite characteristic syndrome in_ this 
species. Night blindness, lacrymation, 


keratinization of the cornea, respiratory 
symptoms, reproductive difficulties, capri- 
cious appetite, progressive weakness and 
death occur quite regularly. 


Accompanying these symptoms in all 
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cases there developed joint involvement 
with lameness and characteristic rarefying 
lesions in the joint cartilages. 

Positive evidence that the joint condi- 
tion was due primarily to the vitamin A 
deficiency was not obtained, but the evi- 
dence pointed to the possibility of this be- 
ing the case. 
the ratio 


Varying calcium-phosphorus 


from 2 to 1 to 1 to 7 in the diets did rot 
seem to play an important role in the ru- 
trition of the animals. The advanced bc ne 
alterations in horse 1, if due to this cause, 
were evidence of marked individual varia- 
tion. 

Rations commonly fed to horses where 
yellow corn is not available are liable to be 
deficient in vitamin A. 


Swine Erysipelas, The Agglutination Test for Its Diagnosis, and 
a Report on a Study of Arthritis in Swine’ 


C. G. GREY,+ D.V.M., O. L. OSTEEN, D.V.M., and H. W. SCHOENING, V.M.D. 
Washington, D. C. 


SINCE OUR FIRST report in 1932 on the 
agglutination test for swine erysipelas, 
continued studies have been made on this 
problem. Improvements in the preparation 
of the antigen and the application and in- 
terpretation of the test have been given 
particular study. Since the antigen, as now 
prepared, differs considerably from that 
originally reported, it would seem desirable 
to give the technic of the preparation of 
this product. 

A smooth colony culture of Erysipeloth- 
rix rhusiopathiae known to produce satis- 
factory antigen' is maintained in either 
beef extract or beef-infusion broth, pH 7.4, 
and subcultured once a week. Two-liter 
(2.1-qt.) flasks, containing 1-liter (1.05-qt. ) 
amounts of beef broth adjusted to a pH of 
7.4, are inoculated with 0.5-cc. amounts of 
a 24-hour growth of the smooth E. rhusio- 
pathiae in broth of the same type suitable 
for antigen production. Before seeding, 
the flasks of media should be warmed in the 
incubator for 24 hours. 


*From the Pathological Division, Bureau of Ani- 
mal Industry, U. S. Department of Agriculture ; 
presented before the Section on Sanitary Science 
and Food Hygiene at the 77th annual meeting of 
the AVMA, Washington, D. C., August 26-30, 1940. 

+Branch Pathological Laboratory, Lincoln, Neb. 

ISchoening, H. W., Creech, G. T., and Grey, C. G.: 
A laboratory tube test and a whole blood rapid 
agglutination test for the diagnosis of swine ery- 
sipelas. No. Amer. Vet., xiii (Dec. 1932), pp. 
19-25. 


The inoculated flasks are incubated at 
37.5° C. for 24 hours. Usually eight flasks 
are seeded for each lot of antigen. Ten ce. 
of the 40 per cent solution of formaldehyde 
is then introduced into each flask and re- 
turned to the incubator for an additional 
24 hours. The organisms are then harvested 
by means of supercentrifugation with a 
Sharples centrifuge. The organisms are 
collected from the centrifuge by using a 
spatula or a small brush and as small an 
amount of the collecting fluid as is neces- 
sary to recover all of the organisms. 

The collecting fluid consists of physio- 
logic saline solution to which has _ been 
added sufficient formalin to constitute a 1 
per cent solution. The concentrated antigen 
is then agitated and stored in the dark at 
room temperature for two weeks with occa- 
sional agitation during this period. This 
allows maximum lysis of the cells to take 
place before final adjustment of the density 
is made. After two weeks of storage the 
density of the antigen is adjusted to corre- 
spond to 50 X No. 1 of the McFarland sc:le. 


Necessary dilution is made with fornr ol- 
ized saline solution (collecting fluid). “he 
antigen is allowed to stand several dys 
until the organisms have settled sufficier tly 
so that 20 per cent of clear, supernat ‘nt 
liquid can be pipetted off, discarded and :e- 
placed with an equal amount of sterile C. P. 
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g cerin. Finally, 2 per cent of a saturated 
a ieous solution of crystal violet is added. 
T e antigen is then complete and ready for 


T.CHNIC OF THE TEST 


Hither whole blood or serum can be used. 
Tne reaction can best be seen when a white 
rcelain plate is used. Wire loops of 3/16 
of an inch in diameter are made at the end 
convenient lengths of nichrome wire, 
gauge No. 24, which have been calculated 
to hold about .02-cc. amounts. Antigen is 
measured by means of a standard medicine 
dropper which should deliver a drop of .05 
cc. When held in a vertical position. 

In making the test a drop of antigen is 
placed on the plate and a full drop of blood 
or serum, as the case may be, is collected 
in the loop and mixed with the drop of 
antigen on the plate in the usual manner 
of conducting any plate test. It is impor- 
tant that the drop of blood or serum be a 
full one; in other words, it should be the 
maximum amount of blood or serum that 
can be caught on the loop. 

The plate is then rotated and reading 
made within a two-minute period. In posi- 
tive cases a marked clumping of the bac- 
teria occurs usually within less than a 
minute, and in most cases within two min- 
utes. We feel that the test should not be 
considered positive unless a definite clump- 
ing oecurs within the two-minute period. 
If clumping does not occur within this 
period, reaction is considered negative. As 
a control, one drop of the antigen, smeared 
to the same size as the test proper, should 
be carried out from time to time, and the 
reactions observed in the test should be 
compared to the antigen alone. 

Known positive and negative serum also 
s! ould be tested from time to time to check 
th: specificity of the antigen. The antigen 
his been found to be quite stable and a 
la-ge number of tests conducted have indi- 
ce ed it to be specific. 

n the diagnostic use of the test, it is 
qi te important to place proper interpreta- 
tin on the results of the test and to recog- 
nie its limitations. It is believed that a 


initely positive reaction to the test in 


swine indicates either infection with or ex- 
posure to the specific organism. It is pos- 
sible that positive reactions may be ob- 
tained in animals which show no clinical 
evidence of the disease. The reactions in 
these animals may be explained on the basis 
that swine-erysipelas organisms may be 
harbored in the body of the animal, such 
as the tonsils or intestinal tract, without 
producing any visible lesions or symptoms 
of the disease. 

It is also possible that there may be 
obscure joint lesions in an animal, the re- 
sult of erysipelas infection. Since erysipe- 
las manifests itself very frequently by in- 
vasion of the joints, many animals that 
react may have obscure joint lesions which 
can be detected only by a very thorough 
postmortem examination of all of the joints. 
Other animals that react may simply be 
harboring the organisms as before men- 
tioned in the tonsils or possibly the intes- 
tinal tract. It is for this reason that cau- 
tion should be exercised in interpreting the 
positive results to the test. 

Generally speaking, the test is considered 
more applicable to a herd diagnosis rather 
than to the diagnosis of the disease in in- 
dividual animals. Where erysipelas is sus- 
pected in a herd, a number of animals 
should be tested and diagnosis not made 
until a representative serolegic picture of 
the herd can be obtained. It has been our 
experience that animals showing joint 
lesions visible on clinical examination react 
strongly. 

It also has been noted that animals 
treated with swine-erysipelas antiserum 
give a strong reaction, even as_ early 
as 24 hours following treatment, and this 
reaction may persist for some weeks. The 
test, therefore, has little value in animals 
which have recently received specific anti- 
serum. Animals in the acute stage of the 
disease may give a positive reaction, but 
this is quite variable. The fact also should 
be kept in mind that the chronic form of 
swine erysipelas may be in a herd which 
may be affected with some other acute dis- 
ease, so that while a positive reaction to 
swine erysipelas might be obtained, it 
would not necessarily indicate that some 
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other infection is not also present in the 
herd. This fact always should be kept in 
mind. 

It has been found that normal horse 
and cow serums may agglutinate the an- 
tigen. This is not considered to be of any 
importance, since it is thought to be non- 
specific, unless the serum reacts in very 
high dilutions. 


ARTHRITIS 


The organisms of swine erysipelas seem 
to have a marked predilection for the joints. 
This disease in the acute form is septicemic, 
the organisms are found in the blood, and 
very early, even in this stage of the disease, 
joint involvement may take place. Arth- 
ritis may be seen as the result of an acute 
attack of swine erysipelas or as a result 
of a low-grade infection in which the ani- 
mal may not be noticeably sick at any time, 
but may appear later with enlarged joints. 

The relationship between the low-grade 
type of infection and acute outbreaks of 
the disease is not known, but it is probable 
that under certain circumstances an acute 
outbreak of the disease may suddenly ap- 
pear on a farm which had had only a low- 
grade type of infection present.2 Upon in- 
cising and exposing the involved surfaces 
of arthritic joints caused by swine ery- 
sipelas, a rather typical picture is pre- 
sented, depending upon the length of time 
that the disease has been present. 

In the early stages there raay be only a 
slight inflammation of the synovial mem- 
branes. With the persistence of the infec- 
tion, granulation tissue forms and con- 
nective tissue proliferation gives rise to the 
formation of so-called synovial fringes, 
either attached to the synovial membranes 
or freely suspended in the joint fluid. As 
a result of the chronic inflammation, the 
capsular ligaments become greatly thick- 
ened. The articular surfaces may show 
erosions. Osteitis and periosteitis may be 
observed at times. 


*Schoening, H. W., Peterman, J. E., and Grey, 


Cc, G.: A study of an outbreak of acute swine 
erysipelas in one herd. 
1940), pp. 714-718. 


J.A.V.M.A., xevi (June 
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A study of arthritis in swine in spezi- 
mens submitted from a number of the meat- 
inspection centers was undertaken by the 
federal bureau of animal industry in 1939. 
While it was definitely demonstrated by 
Ward?* in 1922 that many cases of arthritis 
in swine are due to erysipelas infection, it 
was thought advisable to obtain additiona] 
information on this subject since it would 
give some idea as to the distribution of the 
disease in various parts of the country. 
Specimens of arthritis in swine were, there- 
fore, obtained from a number of meat-in- 
spection centers in various parts of the 
country along with information as to the 
origin of the hogs from which the speci- 
mens were obtained. The collection of 
specimens was begun in February 1932. 
The following report concerns the speci- 
mens collected from that time to date. 

A total of 472 joints were received and 
examined bacteriologically. The swine- 
erysipelas organism, FE. rhusiopathiae, was 
recovered from 357 of these, a percentage 
of 75.6. The swine from which positive 
results were obtained had their origin in 
91 counties in the following 14 states: Iowa, 
Nebraska, Minnesota, South Dakota, Texas, 
Oklahoma, Arkansas, Tennessee, Missis- 
sippi, Alabama, Florida, Virginia, Mary- 
land and Pennsylvania. While 75 per cent 
of the specimens examined yielded the ery- 
sipelas organism, it is quite probable that 
this percentage would have been higher had 
it been practical to make extensive cultural 
tests of all the affected joints. 


SUMMARY 


A description is given of the preparation 
of the antigen for the plate agglutination 
test for swine erysipelas. An interpreta- 
tion of the test and its limitations are cis- 
cussed, 

Of 472 arthritic joints from swine wh ch 
were examined bacteriologically, 357, or 
75.6 per cent, yielded Erysipelothrixz rhi si- 
opathiae. These specimens originated in 
91 counties in 14 states. 


*Ward, A. R.: The etiology of polyarthritis i! 
swine. J.A.V.M.A., Ixi (1922), p. 155. 
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Th: Relative Efficiencies of Disinfectants in Killing Erysipelothrix 


. * 
Rhusiopathiae 
ERNEST C. McCULLOCH, D.V.M., M.A., Ph.D., and STEWART A. FULLER, B.S., D.V.M. 
Pullman, Wash. 


THe IMPORTANCE of Erysipelothrix rhusio- 
pathiae to veterinarians is emphasized by 
the occurrence of swine-erysipelas infec- 
tion in practically every section of the 
United States and the recent recognition of 
this organism as a pathogen of turkeys, 
ducks, quail and lambs as well as of swine 
and man. Practicing veterinarians fre- 
quently are asked to suggest methods of 
eradicating the infection from premises 
following an epizoétic. They also should 
know which disinfectant provides the great- 
est margin of safety when used on the 
hands following exposure to this organism. 

Although the official phenol coefficients of 
most disinfectants are well known; and 
most disinfectants now carry a statement 
of the phenol coefficient upon the label, the 
phenol coefficient can not represent the 
value of a disinfectant against all types of 
organisms and under all conditions. This 
is due to the fact that the official phenol 
coefficient is a comparison of the dilution 
of the disinfectant, with the dilution of 
phenol, which is required to kill Eberthella 
typhosa in broth at 20° C. (68° F.) when 
ten parts of the dilution of the disinfectant 
are mixed with one part of the culture. 

Obviously, such data may yield little in- 
formation as to the comparative values of 
disinfectants against organisms unrelated 
to 2. typhosa and in the presence of organic 
matter such as feces. 

‘he authors are of the opinion that the 
ba:is for the selection of the product best 
suited to accomplish disinfection under the 
coi ditions it will be used, and against a 
given organism can only be the result of 
cor parative tests with that organism under 
co: ditions closely parallel to those of actual 
ap lication. Such data can be obtained 
sol :-ly by means of large numbers of tests, 


‘ublished as scientific paper No. 468, College 
ff griculture and Agricultural Experiment Station, 
Ste e College of Washington. 


and the gaps in the information available 
will be filled in but slowly. As the results 
of such tests are published, the practitioner 
of veterinary medicine must add consider- 


able specific information to his professional 
knowledge. The selection of the disinfec- 
tant best suited to destroy a given type of 
infection under specific conditions requires 
no less professional knowledge and is no 
less important than the selection of a thera- 
peutic agent. 


REVIEW OF THE LITERATURE 


Although HE. rhusiopathiae was observed by 
Loeffler in 1882 ane by Thuillier in 1883, the 
literature contains but little critical data which 
can provide bases for the selection of the dis- 
infectants best suited for its destruction. When 
the problem is further complicated by the prac- 
tical necessity of the disinfection being accom- 
plished in the presence of small amounts of 
manure, such as escape removal in the ordinary 
cleaning of barns and pens, the information is 
even more meager. 

Petri is quoted’ as saying the following dis- 
infectants are effective against FE. rhusio- 
pathiae: chlorate of lime 1 per cent, hot lye 1 
per cent, soda 5 per cent, iron sulfate 3 per 
cent, copper sulfate .25 per cent, bichloride of 
mercury .10 per cent, carbolic acid, creolin and 
lysol. 

Nederveen' found that antiformin destroyed 
the organism in 15 minutes but did not dissolve 
it in ten days, while Blum and Herrenheiser 
are quoted' as saying, “Salvarsan does not kill 
them either in vivo or in vitro.” 

Van Es and McGrath® state that the virulence 
of pure cultures disappeared only after 26 days 
in strong brine while the organisms in hams 
treated with salt and saltpeter retained their 
virulence for at least 30 days and those in the 
pickling fluid were still virulent after 170 days. 
They also claim destruction of the organism by 
four hours of exposure to formaldehyde vapor 

‘Hutyra, Marek and Manninger: Special Path- 
ology and Therapeutics of the Diseases of Domestic 
Animals (4th Eng. ed., Bailliére, Tyndall and Cox, 
London, 1938), i, p. 78. 

2Van Es, L., and McGrath, C. B.: Swine erysip- 
elas. Univ. of Nebraska Agr. Exp. Sta. Res. Bul. 


84 (1936), pp. 6-7. 
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and by 15-minute exposures to solutions of 
phenol and saponified cresols, while 1 per cent 
hypochlorate of lime, 0.1 per cent mercuric 
chloride, .25 per cent copper sulfate, and 1 per 
cent hot lye solutions were also effective in 
varying lengths of time. 

A 0.1 per cent concentration of the bile salt, 
sodium glycocholate, in vitro was found to be 
bactericidal and a similar concentration of 
sodium taurocholate rendered cultivation diffi- 
cult, but .0001 per cent of the two salts in 
the broth medium enhanced growth of the 
organism.* 


TECHNIC 


Three virulent cultures of E. rhusiopathiae 
were used.* These were found to be practically 
identical in resistance. The technic for testing 
disinfectants described by the Food and Drug 
Administration’ was followed with only such 
modifications as were necessary for tests with 
E. rhusiopathiae. In one series of the trials 
a sterile suspension of pig manure was added 
to provide additional organic matter and thus 
more nearly to parallel conditions of actual 
disinfection. 

The cultures to be mixed with the disin- 
fectant for testing were grown in F.D.A. broth* 
which was autoclaved and cooled just previous 
to inoculation. This expelled sufficient of the 
dissolved oxygen to allow good growth of the 
organism, and in all trials in which the data 
are included, growth in subculture followed the 
inoculation of one-millionth of a loop. Dilutions 
of one ten-millionth of a loop usually failed to 
initiate growth. With the F.D.A. technic this 
would indicate that each loop subcultured after 
exposure to the disinfectant contained the sur- 
vivors of between 100,000 and 1,000,000 viable 
inocula. Subcultures were made into a semi- 
solid medium consisting of Difco peptone 10 
Gm., beef extract 5 Gm., salt 5 Gm., agar 1.5 
Gm., dextrose 3.5 Gm., sufficient brom-thymol- 
blue to tint, and 1,000 cc. of distilled water. 
This was alkalinized to give a final pH of 7.3. 
The strains of E. rhusiopathiae grew well in 
this medium and produce sufficient acid to 
give a readily recognizable change in the color 
of the brom-thymol-blue. 

As in the F.D.A. method, one part of culture 
was mixed with 10 parts of disinfectant and 
held in a water bath at 20° C. (68° F.). Sub- 


*The authors are indebted to Dr. A. S. Rosen- 
wald of the Oregon State College for two of the 
cultures used. 

®Kolda, J.: The influence of bile on the swine 
erysipelas bacillus. Rev. Gén. Méd., xxxiii (1924), 
pp. 293-312; quoted from Exp. Sta. Rec., lii (1925), 
pp. 283-284. 


‘Ruehle, G. L. A., and Brewer, C. M.: United 


States Food and Drug Administration methods of 
testing antiseptics and disinfectants. U. 
Agr. Cire. 198 (1931). 


S. Dept. 
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cultures were taken at the end of 5, 10 ind 
30 minutes. These were incubated at 37° ¢. 
(98.6° F.) at least seven days before being jis. 
carded. 

The suspension of pig feces, of which 1 ¢¢. 
was added to 10 cc. of the disinfectant in t!.oge 
tests where additional organic matter was up. 
plied, was made by adding an equal volume 
of water to fresh, well-formed pig feces. This 
was autoclaved 30 minutes, strained through 
sugar sacking to remove large particles, bottled, 
autoclaved and stored in the ice box until used, 
The final reaction was pH 6.74; upon standing 
48 hours approximately 30 per cent of its 
volume was semisolid material which had 
settled out. One hundred cc. of this mixiure 
weighed 102.14 Gm.; when evaporated to dry- 
ness, this yielded 7.53 Gm. of dry residue, and 
after incineration 2.7 Gm. of ash remained. 
This material was well mixed before being 
added to the disinfectant. It is assumed that 
the addition of 10 per cent of this suspension 
is equivalent to the addition of 5 per cent of 
fresh pig feces. 


EXPERIMENTAL DATA 


Phenol in broth, with an exposure of ten 
minutes, killed FE. rhusiopathiae in a dilu- 
tion of 1:90, which is approximately the 
same dilution of phenol as is known to kill 
E. typhosa when the F.D.A. method is used.! 
The presence of the suspension of pig 
manure had but little effect upon the germi- 
cidal efficiency of phenol solutions. When 
applied in the recommended concentrations 
of 2 to 5 per cent, phenol is a reliable dis- 
infectant against this organism. However, 
the cost of such concentrations of phenol, 
together with its other undesirable char- 
acteristics, such as toxicity to animals in 
the concentrations which are germicidal, 
and its strong odor which may prohibit its 
use near milk or eggs, make it one of the 
less satisfactory disinfectants against this 
organism. Its germicidal powers are known 
to be adversely affected by cooling and by 
dilution, which further detracts from its 
reliability under field conditions. 

Liquor cresolis compositus killed E. »/w- 
siopathiae in dilutions of 1:666 to 1:1, 200 
in broth and in dilutions of 1:250 to 1: 300 
when pig manure was present. As cm- 
pared with phenol, it is obvious that the 
presence of particulate organic ma ter 
greatly decreased the germicidal power. of 
liquor cresolis compositus. Like pheno it 
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is . lversely affected by cooling and by dilu- 
tio and has an odor which is absorbed 
rec lily by food products. 

ysol, which has a phenol coefficient of 
fiv against EB. typhosa, has practically the 
sarie germicidal efficiency under the condi- 
tioas of these tests as does liquor cresolis 
compositus, to which it is related. 

\septogen killed in dilutions of from 
1:666 to 1:1,666 in the absence of added 
organic matter and in dilutions of 1:166 
to 1:250 in the presence of the pig manure. 

ormalin, which is a 40 per cent solution 
of formaldehyde gas, was found to be very 
inactive. This confirms work previously 
reported® in which it has been found that 
at 20° C., in dilutions greater than 1:14 
and 1:15, it did not kill EF. typhosa in ten 
minutes. In the presence of the pig manure, 
a 1:20 dilution was required to kill E. 
rhusiopathiae in ten minutes and a 1:25 
dilution in 30 minutes. A 1:100 dilution 
failed to kill in the absence of added organic 
matter and greater concentrations were not 
tried. These data are sharply in contrast 
with the usual opinion of formaldehyde as 
a disinfectant, although they do not differ 
significantly from the data previously sub- 
mitted by a number of bacteriologists who 
have made critical tests and who have dif- 
ferentiated between bacteriostasis and bac- 
tericidal action. Scott® found that 1:200 
formaldehyde, which is equivalent to 1:80 
formalin, killed all aerobic bacteria, both 
spore-forming and non-spore-forming, in 
six to twelve hours and the sporulating 
anaerobes in from two to four days. The 
greater time of exposure in these trials 
\bably accounts for the efficiency of less 
concentrated solutions. 


The germicidal efficiencies of formalin 
scutions are influenced by moderate 
changes in the temperature more than are 
th» efficiencies of other disinfectants in 
ccnmon use. It has been shown’ that 


McCulloch, E. C., A com- 
son of the efficiency of phenol, liquor cresolis, 
fo maldehyde, sodium hypochlorite and sodium 
hy troxide against Eberthella typhi at various tem- 
pe atures. J. Inf. Dis., lix (1936), pp. 281-284. 


and Costigan, Stella: 


scott, 
aerobic and anaerobic organisms. 
(1928), pp. 90-92. 


The action of phenol and formol 
J. Inf. Dis., 
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against E. typhosa, in the absence of added 
organic matter, reducing the temperature 
from 20° C. to 2° C. increased the concen- 
tration of formalin necessary to kill from 
1:15 to 1:7.4, while at 40° C. a dilution of 
1:130 killed. In the presence of added 
organic matter, which in this case was a 
suspension of human feces, the effective 
dilutions at 2° C., 20° C. and 40° C. were 
1:6.7, 1:14 and 1:92.5, respectively. 

The much higher germicidal efficiency re- 
ported for formalin by numerous workers, 
whose data provide the bases for the rec- 
ommendation of this product as a germi- 
cide, may have been based upon the absence 
of visible growth after the usual period of 
incubation of the subcultures. Thus, if 
the subcultures had been read only after 
one day, it would have appeared that 2 per 
cent formalin killed in five minutes and 
that 1 per cent or less killed in 10 or 30 
minutes. If the subcultures had been read 
only after two days, it would have appeared 
that 3 per cent killed in five and in 10 
minutes; while 2 per cent killed in 30 min- 
utes. Incubation of the subcultures for 7 
days revealed that 6 per cent was not suf- 
ficient to kill in five or 10 minutes and 4 
per cent was required to kill with an ex- 
posure of 30 minutes (table I). 

From these data, it is obvious that for- 
malin can not be considered an effective 
disinfectant against E. rhusiopathiae. 

Lye* killed in dilutions of from 1:500 to 
1:1,200 in the absence of added organic 
matter and in dilutions of 1:333 to 1:500 
in the presence of 5 per cent pig manure. 
The high-test household lye used contained 
approximately 98 per cent sodium hy- 
droxide, which previously was _ reported 
to be germicidally active against Brucella 
abortus? and E. typhosa® in the presence 
of organic matter. The germicidal effi- 
ciency of sodium hydroxide solutions has 
been shown to be but little affected by mod- 
erate changes of temperature. The data 
indicate household lye, which can be pur- 

*Lewis lye, not less than 97.5 per cent sodium 
hydroxide, furnished by the Pennsylvania Salt 
Manufacturing Company, was used in these trials. 

7McCulloch, E. C.: The germicidal efficiency of 


sodium hydroxide. J. Bact., xxv (1933), pp. 469- 
493. 
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TABLE |—Results with Formalin 


SUBCULTURES 
Reap AFTER l 


(CONCENTRATION 
OF FORMALIN 


bo 


44 


Absence of growth in subcultures. 
Growth in subcultures, 


chased for 10 cents a can, to be the disin- 
fectant of choice against FE. rhusiopathiae. 
It is odorless and the dilution of 1:150, 
which now is recommended, is not toxic to 
animals when consumed in moderate 
amounts, nor is it markedly caustic to the 
skin. 

Drene, said to be triethanolammonium- 
lauryl sulfate, previously was found®.* to 
be markedly effective against mastitis strep- 
tococci. In the absence of added organic 
matter, drene killed E. rhusiopathiae in 
dilutions of 1:500 to 1:666; in the presence 
of 5 per cent pig manure, it killed in dilu- 
tions of 1:166 to 1:200. While this product 
now is being marketed as a shampoo, its 
low toxicity to skin and high germicidal effi- 
ciency against certain pathogens indicate 
that it, and products of related chemical 
composition, may have value in the disin- 
fection of the hands after exposure to E. 
rhusiopathiae. The possibility is suggested 
that some product of like nature be sup- 
plied to the veterinary profession through 
the usual commercial channels. Other 
work" indicates, however, that triethanol- 
ammoniumlaryl sulfate possesses little 
germicidal activity against Gram-negative 
organisms, such as EF. coli, E. typhosa and 
Br. abortus. 


SMcCulloch, KE. C.: Soaps as disinfectants. Proc. 
Washington State Public Health Assn., v (1939), 
pp. 39-45. 

*McCulloch, E C.: The efficiency of soaps and 
other disinfectants in destroying mastitis strepto- 
cocci, Amer. J. Vet. Res., i (Oct. 1940), pp. 18-22. 

“Cowles, P. B.: A modified lactose broth for 
use in the presumptive test. J. Amer. Water Works 


Assn., xxx (1938), pp. 979-980. 


Time OF Exposure TO FORMALIN 


10 Min 30 MIN. 


7 l Z 7 l 2 7 Days 


Soap likewise was found to exert ger- 
micidal action against the swine-erysipelas 
organism, killing in dilutions of from 1:100 
to 1:110 in the presence of the 5 per cent 
pig manure. The prophylactic value of 
thoroughly washing the hands with soap 
and warm water after having been in con- 
tact with this organism should be empha- 
sized. The soap used in these tests was 
ivory soap in bars, but additional experi- 
ments indicate that other brands of house- 
hold soaps possess approximately the same 
germicidal efficiency. 

Lugol’s solution (5 Gm. of iodine and 10 
Gm. of potassium iodide in 100 cc. of wa- 
ter) killed in dilutions of 1:1,250 and 
1:1,666 in the absence of added organic 
matter and in dilutions of 1:166 and 1:200 
in the presence of 5 per cent pig manure. 
The apparent anomaly will be noted in fig- 
ure 2 that in the presence of the pig feces, 
subcultures taken from the 1:290 dilution 
of Lugol’s solution at the end of five and 
ten minutes failed to initiate growth, while 


TABLE !l—Survival of E. Rhusiopathiae in Salt 
Solutions 


EXPOSURE IN Days 


CONCEN- 
TRATION 
(Per 88 94 17 
30 Alive | Dead | Dead Dea 
24 Alive | Dead | Dead Dea 
18 Alive | Dead | Dead Dea 
12 Alive | Dead | Dead | Dea 
6 Alive | Dead | Dead | Dea 
Alive | Variable | Varie 


| | | 


3 | Alive 


et 
5 MIN 
6% 
5% + 4 
4% 4 4 
3% 
| 
= 
| 
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cultures taken at the end of 30 minutes 
1etimes were viable. This phenomenon 
s observed in three trials. A _ possible 
anation is that during an exposure of 
» or ten minutes to this concentration 


Twe Ansence Or Avorionat Oncanic Marten Ar 20%. (66%). 


Liquor CRESOLIS 
use 


ASEPTOCEN 


Lugol’s solution, sufficient iodine be- 
‘ame loosely attached to the bacterial cells 
prevent multiplication when they were 
ransferred to the subculture medium. Dur- 
ing the longer period in contact with the 
ispension of pig feces and Lugol’s solu- 
on, the pig feces may have combined with 
ie iodine in the Lugol’s solution to form 
+ss toxic compounds and some of the iodine 
ssely attached to the bacterial cells may 
hive undergone similar changes. Tincture 
iodine killed in dilutions of 1:1,666 to 
| 2,000 in the absence of additional organic 
atter and in a dilution of 1:250 when 5 
r cent pig manure was present. 
Chlorine gas can be used as a disinfec- 
t nt only where elaborate and expensive 
uipment is available. The hypochlorites 
a e most widely used as farm disinfectants. 
ie chlorine solutions used in these tests 
‘re made by dissolving a commercial hy- 


anomaly 
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pochlorite powder in water. The product 
used contained 50 per cent “available chlor- 
ine” and was of comparatively low alkalinity. 
The resulting solutions were mixtures of 
sodium and calcium hypochlorites. In the 
absence of added organic matter, from 80 
to 120 parts of “available chlorine” per mil- 
lion killed. This would correspond to dilu- 
tions of 1:12,500 to 1:8,000 of chlorine or 
dilutions of 1:6,250 to 1:4,000 of the com- 


Hichest Dicution Kivunc 


In Tue Presence Or 5x Pic FecesAt 20%. (68*). 
EXPOSURE | Yoos Yase ‘hoe Yrse 


PUNUTES 
ts) 


Liquor Cresous 
use 
Lrsou 


ASEPTOCEN 


ForRMALIN 


Soar 


Lucovs Soun. 


Tr. lopine 


mercial hypochlorite powder. In the pres- 
ence of the suspension of pig feces, from 
80 to 90 parts of “available chlorine’ per 
million killed. This would correspond to 
dilutions of from 1:12,500 to 1:11,000 of 
the chlorine. Here again an apparent 
Chlorine solutions 
known to be affected adversely by the pres- 


occurs, are 


ence of even small amounts of organic mat- 
ter. However, 
much more actively germicidal as the de- 


chlorine solutions become 


=_ 
Fig. 2. 
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TABLE |!I—The Highest Dilutions of Disinfectants Killing E. Rhusiopathiae in broth at 20° C. (68° F 


Hicuest Dinutrions LeTHaL CoMPARATIV; 


EFFICIENCIES 


5 MIn. 10 MIN. 30 MIN. 
Phenol 1:90 1:90 1:100 1.0 
Drene 1:500 1:500 1:666 5.5 
Lye 1:500 1:666 1:1,200 7.4 
Liquor cresolis 1 :666 1:1,000 1-1,200 11.1 
Lysol 1 :666 1:1,000 1:1,200 11.1 
Aseptogen 1 :666 1:1,000 1:1,666 
Lugol’s solution 1:1,250 1:1,250 1:1,666 13.9 
Tr. iodine 1:1,666 1 :2,000 1:2,500 22.2 
Chlorine 1:8,000 1:10,000 1:12,500 111.0 


rhusiopathiae but provided only a scant 
margin of safety. With an exposure of five 


gree of alkalinity is reduced.'! In order 
to obtain a reasonable degree of stability, 


all hypochlorites must be prepared with a 
rather high degree of alkalinity. It is pos- 
sible that when the solution of the com- 
mercial hypochlorite was mixed only with 
the broth and culture, a slight degree of 
alkalinity remained. In the presence of 
the more highly buffered suspension of pig 
feces, which was slightly acid in reaction, 
it is probable that the final mixture was 
approximately neutral in reaction. The 


minutes, in the presence of 5 per cent pig 
manure, 60 per cent ethyl alcohol killed in 
all trials; 50 per cent sometimes killed 
and sometimes failed; 40 per cent was not 
effective. With an exposure of ten min- 
utes, 60 per cent was the most dilute which 
killed in all trials, although both 50 per 
cent and 40 per cent alcohol sometimes 
killed. When allowed to act for 30 min- 
utes, 50 per cent alcohol consistently killed, 


technical difficulties in determining the hy- 
drogen-ion concentration of hypochlorite 
solutions made it impractical to demon- 
strate this experimentally. 

Alcohol exhibited some ability to kill EZ. 


40 per cent killed sometimes and 30 per 
cent had no apparent effect upon the organ- 
isms. Since an exposure of even five min- 
utes to the alcohol solution would practi- 
cally never be used in disinfecting skin, 
alcoho] does not provide a reasonable mar- 


“Chariton, D. B., and Levine, M.: Some observa- 
tions on the germicidal efficiency of chloramine-T gin of safety when applied to the skin after 
and calcium hypochlorite. J. Bact., xxx (1935), . 


pp. 163-171. exposure to this organism. 


TABLE !V—The Highest Dilutions of Disinfectants Killing E. Rhusiopathiae in the Presence of 5 Per Cent 
Pig Feces at 20° C. (68° F.) 


| Hicuest Ditutions LeTHau 


COMPARATIVI 
| EFFICIENCIES 


Min 10 Min. 30 Min. 
Hydrogen peroxide | | 
3 per cent solution | Failed Failed 1:5 

Alcohol 60% 60% | 50% 

Formalin 1:20 1:25 0.2 
Phenol 1:80 1:90 | 1:90 | 1.0 
Soap 1:100 1:100 1:110 Li 
Lugol’s solution 1:200 1:200 1:166 2.2 
Drene 1:166 1:200 1:166 2.2 
Aseptogen 1:166 1:200 1:200 2.2 
Tr. iodine 1-250 1:250 1:250 2.8 
Lysol 1:200 1:250 1:250 2.8 
Liquor cresolis 1:250 1:250 1:300 2.8 
Lye 1:333 1:450 | 1:500 5.0 
Chlorine 1:11,000 1:12,500 1:14,000 139.0 
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{ydrogen peroxide solution, as offered 
he medical profession, usually consists 
i 3 per cent aqueous solution of H,O.,. 
the presence of the 5 per cent suspension 
pig manure the full-strength 3 per cent, 

; used undiluted, failed to kill in five of 

x trials. With an exposure of ten min- 

es, the 3 per cent solution killed. In- 

creasing the time of exposure to 30 minutes 
resulted in killing in all trials with 0.6 
per cent solution of hydrogen peroxide, 
obtained by mixing one part of the com- 
mercial solution with four parts of water. 
A 0.3 per cent solution of hydrogen perox- 
ide gave irregular results. It is apparent 
that washing the skin for one or two min- 
utes with the commercial solutions of hy- 
drogen peroxide can not be relied upon to 
kill BE. rhusiopathiae. 

Salt solutions (table II) were tested for 
their effect upon EF. rhusiopathiae because 
the survival of this organism in brines and 
in salted meats may have an important 
bearing upon its dissemination. The tem- 
perature of the refrigerator in which the 
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cultures were held in the brines varied from 

1.8°C. (30°F.) to 4.4° C. (40° F.). 

These data indicate that, at low tempera- 
ture, E. rhusiopathiae is able to survive in 
concentrated brines for approximately three 
months. It is interesting to note that in 
1892, Freytag'= was quoted as having writ- 
ten, “The bacillus of Rouget (French swine 
plague) survives salt solutions for two 
months.” 


SUMMARY 

Erysipelothrix rhusiopathiae is readily 
destroyed by household lye (sodium hy- 
droxide) and the hypochlorites. Where it 
can be used, household lye is the most prac- 
tical disinfectant. Phenol, liquor cresolis 
and related products, Lugol’s solution, tinc- 
ture of iodine, triethanolammoniumlaury! 
sulfate and household soaps also are mod- 
erately effective. E. rhusiopathiae is re- 
sistant to formaldehyde, hydrogen peroxide, 
alcohol and salt brines. 


The action of common salt 
Hyg., xi, p. 60; quoted from 
Modern Medicine, 


2de Freytag, C. J.: 
on bacteria. Arch. f. 
Bacteriological World and 
(1891), p. 92. 


Correction (on “The Relation of Brucellosis to Periodic Ophthalmia in Equidae,” 
by T. C. Jones) : In the October 1940 issue of the American Journal of Veterinary 
Research (volume I, number 1), page 54, column 2, paragraph 3, in the sentence, 
“It will be noted in table I, that agglutinations occurred in very few of the 
sera in dilutions that are high enough to be of positive diagnostic significance 
(1:800 or higher),” the figure 1:800 should read 1:80. 
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. * 
Laboratory Tests of the Potency of Antirabic Vaccines 
RALPH W. G. WYCKOFF,t Ph.D. 
Pearl River, N. Y. 


THE STuDY of virus diseases is still in that 
early stage where there are few fixed 
principles of general applicability and 
where a reasonable understanding of a dis- 
ease requires in consequence the accumula- 
tion of many empirical facts. Usually 
these facts can be established only through 
experiments based on many animals. Great 
progress in the study of a virus disease, 
therefore, ordinarily follows the discovery 
of a suitable test animal. Webster’s recent 
work on rabies in mice is important be- 
cause it has called to attention the possi- 
bilities that lie in the exploitation of this 
animal as a test object. 

It is unnecessary to point out to the 
present audience the desirability of in- 
creased scientific knowledge of rabies and 
the urgent need of that better control 
which may reasonably be expected to result 
from it. We all know that success in con- 
trolling this disease depends upon the ex- 
tent to which it is limited in dogs. There 
are two ways of effecting this limitation. 
The first and essential way is through an 
adequate policing which will restrict the 
spread of infection by muzzling and by 
limiting the range of licensed dogs and by 
the thorough-going destruction of all 
strays. The second way is through a wide- 
spread vaccination which will raise the 
general level of resistance to infection of 
the canine population. This discussion is 
devoted to aspects of the latter approach. 

When one considers the problems of 
canine vaccination, two types of questions 
arise. One has to do with the potencies of 
the vaccines available for use, that is (a) 
with the development of methods for dem- 
onstrating and then for assaying vaccine 
potency and (b) with attempts to produce 
better vaccines. The second question is 
concerned with establishing a vaccination 


*Presented before the first general session of the 


77th annual meeting of the AVMA, Washington, 
D. C., August 26-30, 1940. 
‘Lederle Laboratories, Ine. 


procedure that, with the available vaccines, 
will convey an acceptable immunity to vac- 
cinated dogs. A final and _ satisfactory 
answer to this second question obviously 
depends upon a sufficient knowledge of vac- 
cine potency. For this reason, we have 
concentrated attention upon the first ques- 
tion, the evaluation of vaccine potency. 


POTENCY TEST SELECTED 


As one phase of his study Webster ex- 
amined the ability of various commercial 
vaccines to protect mice. He found that 
though a few of these products would pro- 
tect against many lethal doses of virus, no 
immunizing power whatsoever could be 
shown for many of them. Proceeding from 
this observation we undertook a thorough 
investigation of the immunizing capacity 
of all batches of vaccine made by one manu- 
facturer. Our first task was the selection 
of a potency test simple and cheap enough 
for the routine and large-scale application 
we had in mind. Webster’s work set the 
general outlines of such a test but for our 
purposes it was essential to define certain 
conditions more closely and it was impor- 
tant that the time consumed by the test, 
as well as its cost, be kept at a minimum. 
Before deciding upon a uniform test whose 
conditions would be fcllowed in all future 
research work, we studied the influence of a 
number of factors, therefore, such as ace 
of mouse, number of and interval between 
vaccinations, interval between first vac- 
cination and challenge-virus injection, etc. 
These preliminary studies convinced us 
that it is not hard to prepare killed vaccines 
that will protect most mice against many 
lethal doses of intracerebral virus; they 
also led us to adopt as the basis for oir 
future work a test! carried out under t ie 
following conditions: 

Duration of test: Twenty-six days. 

Mouse: Our experiments have been ¢ 2- 


‘Wyckoff, R. W. G., and Beck, C. E.: J. Immurp 


xxxix (1940), p. 17. 


(84) 


7 
i 
d 
di 
a 
g 
REET? 


ary 1941 


ANTIRABIC VACCINES 


85 


TABLE |—A Comparison of Degree of Immunity Conferred on 3- and 6-Week-Old Mice 


Survivaus 14 Days Arrer Virus INJECTION 


Virus Dose (MLD. 


(10 Days AFTER Ist VACCINATION) 


CCINE V ACCI- 

No NATIONS 1 10 100 
76V262A | 4 daily 5/5 5/5 3/5 3 
76V262A | 6 daily 4/4 4/4 3/3 2 
76V263A | 4 daily 5/5 4/4 4/5 |4P 
76V263A | 6 daily 4/4 4/4 1/4 1 
76V262A | 4 daily 5/5 5/5 4/5 4 
76V262A | 6 daily 5/5 5/5 5/5 5 
76V 263A 4 daily 4/4 5/5 5/5 3 
76V263A | 6 daily 5/5 5/5 4/5 4 


Note: 


) 


1,000 


Virus Dose (MLD.) 
(14 Days AFTER IsT VACCINATION 


10,000 l 10 100 1,000 | 10,000 

3-WEEK-OLD MIcE 

0/5 5/5 5/5 4/4 2/4 2/5 

| 2P/4 4/4 4/4 3/4 2/4 2/5 

15P/5 | 5/5 | 5/5 | 4/5 | 1/5 | 4/5 

| 1/4 4/4 4/4 3/4 3/4 4/5 
6-WrEK-OLD 

1/5 5/5 5/5 4/5 4/5 3/5 

3/5 5/5 5/5 4/5 2/5 3/5 

3/5 5/5 5/5 5/5 3/5 3/5 

2P/5 5/5 5/5 5/5 4/5 4/5 


The two vaccines listed in this table were chloroform-killed, for canine use. 


In this and the following tables the number before the dash is the number of survivors, the number 


er the dash the number of vaccinated mice receiving virus. 
in the text, some vaccinated mice became paralyzed after 
Such mice have been marked P in the tables 


As mentioned 
succumbing to disease. 


virus survived. 
without 


e receiving 
is injection 


ducted principally with the “caracul”’ strain of 
mice bred by the Carworth Farms, but we have 
enough to show that other strains of 
“Swiss” mice are equally satisfactory. We 
yuitinely use mice 3 weeks old at the begin- 
ing of the test. 
Vaccine dose: 


done 


A volume of 0.6 cc. of a 1:9 


dilution of vaccine. Dilution is made just be- 
fore use, the diluent being saline. 

Vumber of vaccinations: Five at daily in- 
ervals. 

Vode of vaccination: Intraperitoneal. 

Date of challenge-virus injection: Twelve 


ys after the first vaccination. 
toute of virus injection: Intracerebral. 
irus inoculum: For routine testing usually 


10) and 1,000 lethal doses (mld). Volume of 
inoculum, .03 ee. Source of* virus: infected 
raobit brain. 

Vumber of vaccinated mice on each virus 


d ution: Usually five. 
vate of reading test: 
ction. 


Two weeks after virus 


Inless otherwise stated, the results to 
b reported later in this paper have been 
ained with this test. I do not wish to 


la any claim to especial value upon the 
pi cise conditions we have chosen—equally 
si nificant results could be obtained from 
ot er variants of the mouse test—but I do 
w h to emphasize the importance of choos- 


Thus, 2/4 means that two out of the four 


ing some precisely defined test and of fol- 
lowing it implicitly. Unless this is done it 
is impossible to get results of real signif- 
icance. 

The kind of results observed with this 
test when mice are vaccinated with reason- 
ably good commercial canine vaccines are 
shown in tables I and II. These happen to 
have been collected during the preliminary 
investigation of the effect on the resulting 
immunity of increasing the number of vac- 
cinations. They are typical of a large mass 
of similar data. 


BARRING WORTHLESS VACCINES FROM 
SALE WOULD HELP TO RESTORE CONFIDENCE 
IN RABIES VACCINATION 


Having settled upon a routine test, we 
applied it to many lots of freshly made 
human and veterinary vaccines of one 
manufacturer designated L. Results of one 
group of such tests typical of the others 
are listed in table III. It will be noted 
that while most lots produce a well-defined 
immunity, there is a certain percentage 


which is devoid of immunizing power. We 
are convinced that the first practical step 
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TABLE II—A Comparison of Immunity Developed 10 and 14 Days After First Vaccination 


SURVIVALS 


Virus (MLD.) 


14 Days AFTER Virus INJECTION 


Virus Dose (MLD.) 


V (10 Days AFTerR Ist VACCINATION) (14 Days AFTER VACCINATION) 

l 10 100 1,900 | 10,000 l 10 100 1,000 | 10,000 
76V 262A 3 daily 4/4 4/5 4/5 0/5 2P/5 5/5 3/5 0/5 0/5 1 
76V262A 4 daily | 8/5 5/5 3/5 4/5 5P/5 4/4 5/5 5/5 4/4 4 
76V262A | 6 daily 5/5 5/5 4/4 3/5 5/5 5/5 5/5 4/4 5/5 5/5 
76V263A 3 daily 5/5 3/5 2/5 0/5 | O/5 5/5 4/4 3/5 0/5 0/! 
76V263A | 4 daily 5/5 3/5 3/5 2/5 | 5P/5 5/5 4/4 5/5 5/5 | 4/5 
76V 263A 6 daily 5/5 5/5 5/5 5/5 5/d 5/5 5/5 ~ 4/5 5/5 


Vote: The two vaccines listed in this table were chloroform-killed, for canine use. The mice used 


in this test were 3 weeks old at the time of first va 


to be taken in improving the quality of 
rabies vaccines is routine testing of all 
vaccine lots and enforced rejection of all 
weak and worthless batches; and we are 
convinced that the elimination from sale 
of demonstrably worthless vaccines would 
do more than anything else to restore con- 
fidence in the value of canine rabies vac- 
cination. The testing itself is not expensive 
and the fact that such “flat” batches do not 
represent more than about 15 per cent of 
the total production means that it would 
be feasible to restrict the sale of vaccines 
to those of proved and tested potency with- 
out unduly raising their cost. 


TABLE III—A Comparison of the Immunizing Capacity of Different Lots of Fresh Vaccine of Maker L 


VACCINE Type OF VACCINE 


Veterinary (phenol-killed) 


6 Veterinary (Chloroform-killed) 


ecination. 


ASSUREDLY POTENT VACCINE 
Not AVAILABLE 


After we had obtained in this way an 
idea of the quality of these vaccines, we 
tested some vaccines of other manufac- 
turers. Typical results are assembled 
in table IV. Some of these vaccines, such 
as D2 and E2, are among the best that we 
have ever examined; many of the others 
have had no demonstrable potency. It was 
not a part of our purpose to do so, and we 
have not tested enough other commercial 
vaccines to know what proportion of the 
output is weak, but I want to point out 
that D and E, manufacturers of excellent 


Survivors 14 Days AFTER VirUsS INJECTION 
Virus (MLD.) 


100 1,000 
5/5 5/5 
1/5 0/5 
3/5 0/5 
1/5 1/5 
2/2 4/5 
4/5 3/5 
5/5 1/3 
4/5 3/5 
0/5 0/5 
2/2 3/3 
3/5 2/5 
5/5 2/5 
5/5 5/5 
4/4 3/4 
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is IV Human (phenol-killed 
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LE 1V—Immunizing Power of Several Manufac- 
rs' Vaccines (as Challenged with the L Strain 
of Fixed Virus) 


SURVIVORS FROM ViRUS DosE OF 


KER | Lor No. 
1 MLD 10 MLD 100 MLD 
\ 0/5 0/5 0/5 
2 1/5 1/5 0/5 
B l 1/5 0/5 0/5 
2 2/5 0/5 0/5 
3 —— 3/4 3/5 
4 — - 3/5 2/4 
1 0/5 0/4 
2 1/5 0/4 0/4 
D l - 5/5 3/5 
2 - 4/5 4/5 
3 2/5 0/5 0/5 
| - 1/5 0/5 
2 5/5 5/5 5/5 
I —— 4/4 2/5 
2 5 0/5 0/5 


products, are selling at the same time the 
impotent vaccines D3 and El. In other 
words, as far as we can determine no man- 
ufacturer is now offering an assuredly 
potent vaccine; each would enhance the 
quality and reliability of his vaccines 
through routine testing and the elimination 
of worthless batches. 


QUANTITATIVE STANDARDS OF IMMUNIZING 
WorRTH ARE DIFFICULT TO ESTABLISH 


This first step—eliminating impotent 
vaccines—-would be relatively simple to ac- 
complish. The next step—setting up defi- 
nite quantitative standards of immunizing 
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worth—-is much more complex. We have 
carried out experiments designed to sup- 
ply some of the information upon which 
such standards must be based, but our 
data are still incomplete. All commercial 
vaccines are presumably made from “fixed” 
rabies virus—-virus which has been culti- 
vated for many years by serial passage 
through the brains of laboratory animals, 
usually rabbits. It is commonly assumed 
that fixed virus is modified by its pro- 
longed laboratory cultivation with the re- 
sult that it has lost affinity for the peri- 
pheral nerves and has thus lost more or 
less its capacity to produce a fatal rabies 
in animals except when injected intracereb- 
rally or in massive doses. There can be no 
real doubt of this difference between fixed 
and “street” virus and, since there are 
fixed viruses having different origins and 
histories, we must admit the likelihood that 
these fixed viruses, too, differ from one an- 
other. There thus arises the possibility 
that vaccines made with different viruses, 
though alike in their capacities to protect 
animals from the viruses from which they 
were prepared, may vary widely in the 
protection they offer against other strains 
of rabies virus. This possibility must be 
thoroughly explored before satisfactory 
standards of vaccine potency can be set up. 
To provide data bearing on this point we 
have studied the degree of immunity de- 
veloped by vaccination when that immunity 
is challenged by injection of the virus from 
which the vaccine was made (homologous 
virus) and when other strains of rabies 


TABLE V—Potencies of an L Vaccine When Challenged by Heterologous Strains of Virus 


VACCINE 


VIRUS 
1 MLD 
76V 263 L 5/5 
NIH 5/5 
(5 vac) CSA 4/5 
JF 3/4 
76V 263 L 
NIH 5/5 
(10 vac) CSA 5/5 
JF 5/5 


SURVIVORS FROM ViRUS DosE OF 


10 MLD 100 MLD 1,000 MLD 
5/5 4/5 2/5 
5/5 2/5 3/5 
0/5 0/5 - 

0/5 —— 

5/5 5/5 5 5 
5/5 5/5 

3/5 4 5 

4/4 — 


| 
i 
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MANUFACTURER Virus 

1 MLD 
I L 5 5 
NIH 5/5 
CSA 5/5 
JF 3/5 
I L 5/5 
NIH 5/5 
CSA 5/5 
JF 5/5 

D L 
NIH 5/5 
CSA 5/5 
JF 5/5 


Note: Ten daily vaccinations. 


virus were injected instead (heterologous 
viruses). 

Vaccines by manufacturer L were used 
in the first experiments of this sort. The 
challenge viruses employed in this and all 
the experiments to be described later were 
the following: 1) The L strain of fixed 
virus, from which the vaccine was made; 
this virus, an offshot of the original Pasteur 
strain, was imported from Paris by the 
New York City board of health and ob- 
tained from the board by the manufacturer 
many years ago. 2) The National Insti- 
tute of Health’s fixed virus* (NIH), which 
also is a descendant of the Pasteur strain 
but which has had a different history dur- 
ing the many years it has been under cul- 
tivation in this country. 3) A “semi-fixed” 
strain (CSA) originating in a street virus 
isolated fairly recently and carried since 
then through many generations in the 
i brains of mice. 4) A street virus (JF) iso- 
a lated a few months ago from a rabid dog 
and passed through a restricted number of 
’ generations in mice. In their properties 

there are minor, but apparently real, dif- 
ferences between the two fixed strains; the 
differences between these fixed strains and 
the other two less adapted viruses are clear- 
' cut. Our early experiments indicated that 
*We are indebted to Karl Habel of the National 


Institute of Health for samples of this and of the 
CSA virus described. 


TABLE Vi—Potencies of Several Good Vaccines When Challenged by Heterologous Strains of Virus 


SURVIVORS FROM ViRUS DOSE oF 


10 MLD 100 MLD 1,000 MLD 
4/5 4/5 2/5 
3/3 3/5 — 
3/5 1/5 0/4 
4/5 
5/5 5/5 3/4 
4/5 3/4 -— 
4/4 5/5 3/5 
5/5 
5/5 3/5 5/5 
5/5 3/5 2/5 
0/5 0/5 — 
3/5 2/5 — 


L vaccines capable of giving a good im- 
munity against the L virus from which 
they were made would also provide a well- 
defined protection against NIH fixed virus. 
The protection against CSA virus was 
definitely poorer while that against the JF 
street virus, though genuine, was too small 
to permit quantitative comparisons between 
vaccines. In the hope of raising this pro- 
tection against street virus we tried the 
effect of making ten instead of the five 
daily vaccinations called for in our test. 
As the data of table V indicate, this in- 
crease in amount of administered vaccine 
does improve materially the immunity to 
street and street-like virus. 

In our next experiments several commer- 
cial vaccines were similarly tested against 
these four viruses. With the exception of 
certain products of one manufacturer, vac- 
cines which showed up badly against L 
virus in the tests already described were no 
more effective against the other viruses. 
Three good commercial vaccines are com- 
pared in table VI. There seems little to 
choose among them. All protect well 
against the fixed strains and, with the ex- 
ception of vaccine D in relation to virus 
CSA (which should be confirmed by fur- 
ther study before too much meaning is «t- 
tached to it), they yield a clearly defir ed 
immunity to street-like virus. 

These results have direct bearing uy. 
the question of absolute standards of v:¢- 
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cir potency. The real criterion of po- 
te. y, of course, is and always must be 
th ability to protect against street virus. 
RB. there are serious objections to the 
rc itine use of street virus for such testing. 
I: is less infectious and less regularly in- 
fe tious for mice than adapted virus and it 
has a prolonged and irregular incubation 
period that adds to the difficulties of quan- 
titative work with it. The danger of hu- 
man infection is great and this makes it 
hard to work with routinely. Further- 
more, we are not yet sure that all street 
viruses are exactly alike and we must 
always remember that as ordinarily carried 
in the laboratory a freshly isolated strain 
soon loses many of its street-like charac- 
teristics. 


ABILITY TO PROTECT AGAINST FIXED VIRUS 
IDENTIFIES POTENCY OF RABIES VACCINE 


We believe that all the evidence thus far 
obtained indicates that, except for the pur- 
poses of research, the potency of rabies 
vaccines can be adequately gauged from 
their ability to protect against fixed virus. 
If this is accepted, it raises the question 
of what strain of fixed virus is to be 
taken as standard. As far as we know, 
there is no indication that one strain is 
preferable in this respect to another. Until 
such evidence is forthcoming we believe it 
best, as it is easiest, to express the potency 
of a rabies vaccine in terms of its ability 
to protect againt the (homologous) virus 
used in making it. We do not know what 
minimal standards of vaccine potency in 


TABLE Vil—Potencies of Experimental Vaccines 


VIRUS FOR 


VACCINE CHALLENGE 

L L 5/ 5 
NIH 5/5 
CSA 5/5 
JF 4/5 
NIH | L 2/4 
NIH 3/5 
CSA 4/4 
CSA L 5/5 
NIH 3/4 
CSA 5/5 


terms of homologous virus _ protection 
should be set; scientifically sound ones can 
be arrived at only after extensive vaccina- 
tion tests on dogs in which carefully tested 
vaccines are used. In the meantime, how- 
ever, our experience indicates that it is un- 
necessary to sell or use vaccines so weak 
that when tested according to the condi- 
tions outlined above they can not protect 
vaccinated mice against at least 100 mld 
of homologous virus. 


IMPROVING POTENCY HINGES ON 
KNOWLEDGE OF KEEPING QUALITIES 


We now come to the third major ques- 
tion with respect to rabies vaccines, 
namely, what can be done to improve their 
potency once worthless vaccines are elim- 
inated and acceptable standards are set for 
vaccine potency? The procedure is clear. 
First, it is imperative to acquire knowledge 
of the keeping qualities of vaccines. This 
can be done with the help of the mouse 
test, with vaccines of adequate initial po- 
tency. We are conducting such experi- 
ments with one set of vaccines; in the 
course of time we will know how long they 
retain their potency in the ice box, at room 
temperature and at summer heat. 


PROBLEMS IN MANUFACTURE 


Questions as to the best way to manu- 
facture killed rabies vaccines are complex 
and will take a long time to answer, One 
of the first answers needed is whether or 
not one strain of fixed virus gives a more 


When Challenged by Various Strains of Virus 


10 MLD 100 MLD 1,000 MLD 
/5 5/5 3/5 
4/5 4/4 — 
5/5 1/5 i 1/5 
0/5 —— 
3/5 2/5 | 1/5 
2/4 1/4 | -— 
1/3 0/4 - 
5/5 2/ 2/4 
5/5 5/5 
5/5 3/5 3/5 
2/5 


| JF 4/5 | 
| 
‘ 
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potent vaccine than another. We have car- 
ried out experiments that throw some light 
upon this point. Following a uniform pro- 
cedure several experimental phenolated 
vaccines have been made with both the L 
and the NIH fixed viruses and with the 
CSA adapted street virus. Mice vaccinated 
with these vaccines have been tested for 
immunity to each of these viruses and to 
our JF street virus. A few of the results 
are shown in table VII. The CSA and L 
vaccines are better than the NIH vaccine, 
but the difference is quantitative rather 
than qualitative and not outside the normal 
variations found between different batches 
of vaccine made with the same virus. 
Sometimes one hears it claimed that one 
kind of rabies vaccine is superior to an- 
other because it is made with an “anti- 
genically superior” strain of virus, one in- 
herently capable of producing a more po- 
tent vaccine. We have not experimented 
with enough strains to disprove such a 
statement, but it must be said that all the 
evidence we have thus far assembled points 
to the fact that the details of the manu- 
facturing process are far more important 
for the production of a potent vaccine than 
is the choice of a special strain of fixed 
virus. It should be borne in mind, how- 
ever, that different strains probably vary 
sufficiently in such important details as 
their inactivation rates so that the opti- 
mum conditions for preparing a vaccine 
with one strain are not necessarily identical 
with those required for another strain. We 
are investigating for one fixed virus the 
effects on potency of variations in manu- 
facturing procedures. We hope that these 
studies will help to establish more clearly 
the details of preparation which determine 
whether a batch is “good” or “flat.” 


GENERAL CONSIDERATIONS 


There are various other problems of in- 
terest to the users and makers of rabies 
vaccines that are now amenable to scientific 
study. Thus it is important to know what 
relation there is between the virus content 
of the tissue from which vaccine is made 
and the potency and stability of the result- 
ant vaccine. It is also important to study, 


particularly with reference to vaccines for 
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human use, the properties of purified «1d 
concentrated vaccines and to determ ne 
whether they offer any real advantages o ‘er 
the present cruder vaccines. These and 
similar questions are intimately related to 
the fundamental one of what is the nature 
of the immunizing principle in killed rabies 
vaccines. It is highly important to both 
the manufacture of vaccines and to the 
development of the best mode of vaccination 
to know whether this active material is a 
noninfectious residuum of the living virus 
or the total virus modified and killed by the 
inactivating agent. At present arguments 
can be adduced in favor of either hypothe- 
sis. At this point I wish merely to say 
that with the mouse test new experiments 
can be brought to bear on this question. 
It is only a matter of a short time before 
we will be in position to discuss this ques- 
tion with greater profit. 


SUM MARY 


I hope that what I have said has con- 
vinced you that an active program of re- 
search on rabies will greatly enlarge our 
knowledge of the vaccines to be used in its 
prevention and control. Summarizing again 
the practical aspects of our results to date 
we can say: 

1) It is possible to define a mouse test 
of vaccine potency that is simple and inex- 
pensive enough for routine and large-scale 
use, 

2) With such a test it is feasible to con- 
trol the potency of all lots of manufactured 
vaccine. 

3) Good commercial vaccines convey a 
powerful and readily demonstrable immun- 
ity to mice, but a large amount of vaccine 
now on the market is too weak to give a 
substantial immunity to mice. 

4) There is no scientific or economic rea- 
son for the continued sale and use of such 
impotent vaccines. We believe that the 
general adoption of a mouse test to assure 
that all marketed vaccines have a demon- 
strable potency is the most important s‘ep 
that can be taken to improve the quality of 
rabies vaccines and to raise confidence in 
this important means of bringing a ¢4n- 
gerous disease under better control. 

5) For the production of a potent vac: ne 
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Ccagenital Defect of the Interventricular Septum, Aortic Regur- 


gitation and Probable Heart Block in a Dog” 
M. LEV, M.D., F. NEUWELT, M.D., and H. NECHELES, M.D., Ph.D. 
Chicago, Ill. 


CONGENITAL abnormalities of the heart 
have been noted in domestic animals, such 
as transposition of the large arterial 
trunks, stenosis of the pulmonary orifice, 
defects of the auricular and interventricu- 
lar septa, right aortic arch, pericardial de- 
fects and valvular anomalies. However, re- 
latively few cases have been recorded in 
Aellig,' Lallengen? and Olafson* 
have reported a total of 25 congenital car- 
diac abnormalities in these animals of 
which four were isolated interventricular 
septal defects. The dog of Hare and Orf? 
had a patent ductus arteriosus in addition 
to the septal defect. 

The dog which is the subject of this re- 
port was an 18-kg. (40-lb.) brown female 
Setter 6 to 7 years of age, healthy and 
sound in appearance. The right carotid ar- 
tery had been cannulated for experimental 
purposes under light ether anesthesia. Sev- 
eral hours were permitted for the effects 
of the anesthesia to wear off. Pulse and 
respiration rate were 36 and 52 per min- 
ute, respectively. Rectal temperature was 
38.5° C. Palpation revealed a typical water- 
hammer pulse. The results of various 


dogs. 


‘rom the departments of pathology and gastro- 

tinal research of the Michael Reese Hospital; 
this study was aided by a grant from the A. B. 
Kuppenheimer fund. 

ellig, A.: Foramen interventriculare persistens 
ordis in domesticated animals. Schweiz. Arch. f. 
ierh., Ixxii (1930), p. 509; Ixxiii (1931), p. 10. 
Hjartmissbildningar hos djuven. 
(1934), p. 493. 

afson, P.: Congenital cardiac 
ninals. J. Tech. Meth., xix (1939), p. 

are, T., and Orf, A. B.: Patent ductus arte- 
rio. us with patent interventricular foramen ofa 
log s heart. J. Path. & Bact., xxxiv (1931), p. 799. 


illengen, K.: 
Skand. Vet.-Tids., xxiv 
anomalies in 
129. 
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a \ ell-understood and carefully controlled 
ma ufacturing process is the important 
fac or, rather than the use of a special 
str: in of fixed virus. 


chemical tests were as follows: arterial 
blood CO, 27.8 and O, 9.7 volumes per 
cent; venous blood CO, 30.8, O, 6.13 and 
O, capacity 11.2 volumes per cent; serum 
proteins 5.6 Gm. per cent, and serum Cl 
700 mg. per cent; red blood cells 3.18 mil- 
lions; hemoglobin (Sahli) 60 per cent; 
blood volume, cells 24, and plasma 76 per 
cent. The arterial blood pressure was 
measured by means of a Tycos anaeroid 
gauge with a T tube connected on one side 
to the cannulated carotid artery and to a 
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Fig. |. Blood-pressure record with Hamilton mano- 
mete:. Femoral artery. No anesthetic. Abscissa, time 
in seconds; ordinate, blood pressure, calibrated in 
millimeters of mercury. (Taken by Miss E. Lindner, 
Cardiovascular Department, Michael Reese Hospital, 


Chicago, Ill.) 


citrate pressure bottle on the other. It was 
found to be 210/50. A blood-pressure trac- 
ing was then taken by means of the hypo- 
dermic manometer of Hamilton® and the 
pressure was found to be 265/25 (fig. 1). 
Immediate autopsy was performed. 


POSTMORTEM EXAMINATION 


Aside from the findings in the heart, the 
pathologic diagnosis was chronic passive 


5Hamilton, W. J., Brewer, G., and Bratman, I.: 
Pressure pulse contours in the intact animal. I, 
Analytical description of a new high-frequency hy- 
podermic manometer with illustrative curves of 
simultaneous arterial and intracardiac pressures, 
Amer. J. Physiol., evii (1934), p. 427. 
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hyperemia of the liver and spleen, acute 
hepatitis and chronic pyelonephritis with 
contraction of the kidneys. 

Heart (figs. 2 and 3).—-The heart was 
enlarged and weighed 175 Gm. (6 0z.). The 
apex was formed by the left ventricle. 
From the base two arteries emerged, one 
anterior and to the left, and the other pos- 


Fig. 2. Left ventricular view of the heart. (1) 

Defect in the pars membranacea, (2) right 

coronary ostium, (3) muscular interventricular 
septum, (4) aorta, (5) mitral valve. 


terior and to the right. The mutual rela- 
tionships of the various heart chambers 
were normal. 

The right auricle was normal in size. 
The superior and inferior vena cava and 
coronary sinus entered this chamber nor- 
mally. The limbus was well formed and 
the foramen ovale was closed. The orifice 
and leaflets of the tricuspid valve and the 
corresponding chordae tendineae and papil- 
lary muscles were normally formed and 
showed no remarkable changes. 

The chamber of the right ventricle was 
larger than normal and its wall measured 
2 mm. in thickness. The pulmonary artery 
emanated from this chamber. The orifice 
and cusps of its valve were normally formed 
and presented no pathologic change. The 
two pulmonary arteries were given off nor- 
mally. The ductus arteriosus was closed. 
The topography of the muscle bundles of 
the right ventricle was normal, but they 
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were flattened as were the columnie 
carneae. 

The left auricle was normal in size. It 
received the four pulmonary veins normally. 
The septum primum was well formed. The 
mitral orifice was normal in size. The 
mitral valve leaflets were normally formed, 
but their edges and corresponding cordae 
were somewhat thickened. 

The left ventricular chamber was dis- 
tinctly enlarged and its wall measured 10 
mm. at the base and 4 mm. at the apex. 
The papillary muscles were flattened. The 
muscular interventricular septum was nor- 
mally formed; the pars membranacea, how- 
ever, presented an elliptical defect the 
larger horizontal diameter of which meas- 
ured 7 mm. The pars membranacea else- 
where was irregularly thickened through- 
out with a nodular, grayish yellow, plaque- 
like formation on its inferior border. The 


Fig. 3. View of the base of the aorta. Note 

the small defect in the pars membranacea 

(arrow) and the thickened and retracted aortic 
valve cusps. 


center of the defect lay beneath the com- 
missure between the right and posterior 
aortic cusps. The adjacent portions of the 
cusps were pulled downward by the thick- 
ened edges of the defect. The aortic ostiim 
was dilated. The aortic cusps were well 
formed but slightly thickened at thir 
edges. At the base of the aorta above ‘ne 
right sinus of Valsalva, an elevated, gr: y- 
ish yellow plaque 4 mm. in diameter v 35 
seen. The coronary ostia and arterial ¢ s- 
tribution presented no changes. 
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stologic Study of the Bundle of His 
;, 4, 5, 6).—The muscle fibers of the 

pr <imal part of the bundle of His stain 
irregularly. Some show a clear-staining, 
ho nogeneous, markedly eosinophilic cyto- 
plasm with pyknotic nuclei. Others show 
th more usual granular pole-staining cyto- 
plasm with normal nuclei. As it courses 
through the pars membranacea beneath the 
defect in the interventricular septum, the 
bundle is almost completely replaced by 
acellular fibrous and fat tissue. The fibers 
that still remain show degenerative changes. 
Similar degenerative and fibrotic changes 
are noted in the main branches of the bun- 
die. A large artery which courses through 
the upper part of the muscular interven- 
tricular septum is almost completely oc- 
cluded by a markedly thickened intima. 
Smaller arteries are similarly thickened. 
There is a focal increase in connective tis- 
sue through the musculature of the septum, 
with degenerative changes less marked than 
in the bundle of His. 

Cardiac Diagnosis: 

|) Patency in the interventricular sep- 
tum in the region of the pars membranacea. 

2) Fibrosis in the region of the pars 
membranacea with retraction of the bases 
of the posterior and right anterior aortic 
leaflets, and resultant aortic insufficiency. 

3) Arteriosclerosis with narrowing of 
the arteries of the muscular interventricu- 
lar septum. 

!) Degenerative changes and fibrosis of 
the bundle of His and its branches. 

)) Hypertrophy and dilation of the left 
and right ventricles, predominantly the left 


CUSSION 


‘linically the points of interest in this 
do. were the evidence of aortic regurgita- 
tica, the slow pulse, the high systolic blood 
pr ssure and the anemia. 

‘he clinical evidence of aortic regurgita- 
tic. was well explained pathologically by 
th unusual findings of a retraction of the 
ba es of the posterior and right anterior 
a0 tie cusps. The constant flow of blood 
th ough the septal defect evidently pro- 
du ed a thickening (fibrosis) of the mar- 


Fig. 4. Proximal portion of the bundle of His. 
The muscle fibers stain irregularly. The cyto- 
plasm of some stains deeply eosinophilic, and 
the nuclei are pyknotic. In the lower portion 
there is some replacement by fibrous tissue. 
(Hematoxylin-eosin, x 44.) 


Fig. 5. Bundle of His in the region of the de- 
fect of the pars membranacea. The bundle is 
almost completely replaced by fibrous tissue. 
The muscle fibers still present show degenera- 
tive changes. (Hematoxylin-eosin, x 44.) 


Fig. 6. High power of figure 5. (Hematoxylin- 
eosin, x 88.) 


—— 
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gins with the consequent retraction of the 
adjacent bases of the aortic cusps. This 
may be due to the fact that the pars mem- 
branacea is relatively small in the dog, the 
aorta practically taking its origin from 
the muscular interventricular septum. 
The aortic cusps could thus easily be re- 
tracted by a fibrotic process in the small 
pars membranacea. One would not expect 
such a complication of a septal defect in 
the human heart because of the relatively 
larger pars membranacea. 

A possible explanation of the slow pulse 
lay in the degenerative and fibrotic changes 
in the bundle of His; we were dealing most 
likely with a complete heart block, although 
unfortunately no electrocardiographic study 
was made to confirm this. Due to the con- 
stant increase in fibrous tissue at the base 
of the pars membranacea, the changes in 
the bundle occurred. This was probably 
aided by the ischemia produced by the ar- 
teriosclerosis of the septal arteries. 

We do not know whether the hyperten- 
sion could be ascribed to the pyelonephritis. 
Although there were marked changes in the 
vascular tree in the region of the pye- 
lonephritic scars, the remainder of the kid- 
neys showed minimal vascular changes. If 
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it is the production of an ischemic kidney 
which accounts for the hypertension at 
times found in pyelonephritis, histologic 
evidence was insufficient to warrant that 
ischemia had been produced. 

The rather high degree of anemia pres- 
ent in this animal which appeared out- 
wardly healthy and lively may perhaps be 
due to the pyelonephritis and to the hepa- 
titis. 

The explanation of the genesis of the de- 
fect in the interventricular septum is de- 
pendent upon the interpretation of the 
method of formation of the pars mem- 
branacea in the mammalian heart. The 
various theories have been reviewed else- 
where (Lev and Saphir®). Such a defect 
is most probably due to a lack of fusion 
of the endocardial cushions with the bulbar 
swellings and the muscular interventricular 
septum. Which of these elements is di- 
rectly responsible for this lack of fusion 
is conjectural. The rarity of reports of 
isolated interventricular septal defects in 
dogs may be ascribed to the small size of 
the pars membranacea in these animals. 


Congenital aneurysm 
Arch. Path., xxv 


SLev, M., 
at the membranous 
(1938), p. 819. 
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A Comparison of Flotation Solutions in the Detection of Para- 
site Ova in Feces” 


F. R. KOUTZ, B.S., D.V.M., M.Sc. 


Columbus, Ohio 


I’ 1878, Grassi and Parona!' pointed out 
that hookworm infection could be diagnosed 
by the finding of the ova of the worms in 
the feces. They used the simple smear 
method for examination, which was the 
only one used for many years. Later many 
investigators, in their search for better 
methods in the detection of worm eggs in 
feces, mainly in connection with hookworm 
infection in man, devised many variations 
in technic and materials. Some of the 
methods were slight variations of the sim- 
ple smear; others were elaborate methods 
requiring considerable apparatus and ma- 
terial. 

One of the first modifications of the 
simple smear method was the sedimentation 
method. This consisted in mixing water 
with the fecal material, allowing the mix- 
ture to stand for a short time and then 
examining for ova by spreading the sedi- 
ment on slides. By this method large 
amounts of fecal material could be used 
because the heavy material could be de- 
canted, leaving just a small amount of sedi- 
ment with the ova. A variation in the 
sedimentation method was the use of a cen- 
trifuge to concentrate the material more 
rapidly and, therefore, lessen the time in 
examination. 

fall? wrote that “‘undoubtedly the fea- 
ture of fecal examination which has been 
mest intriguing and enticing to investiga- 
tors is that of flotation.” In this method 
a olution is used with a specific gravity 
hiv her than that of the ova to concentrate 
thm on the surface of the fluid. The ova 
ar’ then removed with the surface film to 


‘rom the Department of Veterinary Parasitol- 
2 College of Veterinary Medicine, The Ohio 
Sta e University. 

ibliography of hookworm disease. Pub. No. 11, 
Int rnational Health Board, Rockefeller Founda- 
t New York, p. xiii. 

all, M. C.: Developments in veterinary para- 
‘itc ogy during the past fifteen years. Vet. Med., 
xix (July 1924), pp. 417-418. 


a microslide either indirectly with a wire 
loop, or directly by placing a microslide on 
top of the container, with the solution 
touching the slide. Later the centyri- 
fuge was used to concentrate the ova on 
the surface more rapidly and again lessen 
the time in examination. The ova were 
removed from the surface film as in the 
indirect flotation, but later workers, in a 
method known as the direct centrifugal flo- 
tation method, placed a cover slip directly 
on the top of the tube so that the ova would 
adhere to the cover slip. 


MATERIALS AND METHODS 


In discussing fecal flotation, Hall* wrote, 
“With a well-stocked chemistry laboratory or 
the household pantry available there appears 
to be almost endless possibilities in the number 
of substances which may be tested in work 
along this line.” In reviewing the literature, 
the writer has found this to be true, for many 
different solutions have been used by many 
workers, each praising the efficiency of his own 
solution and method. The object, therefore, of 
this test was to compare some of the solutions 
recommended and to find a solution that has a 
specific gravity sufficiently high to concentrate 
the greatest number of parasite ova on the sur- 
face of the fluid, without causing their rupture. 
The five solutions used were sodium nitrate, 
zine sulfate, magnesium sulfate, sodium chlo- 
ride and cane sugar. 

Saturated sodium nitrate solution was pre- 
pared by adding 850 Gm. (1 Ib., 12 oz.) of the 
salt (sodium nitrate C.P., cryst.) to one liter 
(1.05 qt.) of distilled water at room tempera- 
ture. This was shaken vigorously, and left 
standing for 24 hours to allow the salt to dis- 
solve. Twenty-five to 50 Gm. of salt was then 
added so that there always was some undis- 
solved salt in the bottom of the container. 
Repeated tests were made with a hydrometer 
to assure accuracy of the specific gravity, 
which, as reported by Kalantarjan,* is 1.400. 

The zinc sulfate solution contained 1,000 Gm. 


Utilization du nitrate de 
sodium dans la pratique helminthologique. Med. 
Parasitol. & Parasit. Dis., vii (1938), pp. 142-143. 
(Abst. in Helminth. Abst. (1938), vii; part 3—No. 
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(2 lbs., 1 oz.) of zine sulfate (ZnSO, .7H,O, 
C.P. cryst.) in one liter of distilled water at 
room temperature, giving a specific gravity of 
1.380. 

A 62 per cent solution of magnesium sulfate 
was prepared as recommended by Skriabine 
and Schulz‘ by dissolving 920 Gm. (1 Ib., 15 
oz.) of magnesium sulfate (MgSO, .7H.O, C.P.) 
in one liter of distilled water at room tempera- 
ture. The specific gravity was not given in 
their report, but by repeated tests with a 
hydrometer the specific gravity was found to 
be 1.285. 

A saturated sodium chloride solution, as 
recommended by many workers, contained 360 
Gm. (12 oz.) of crystallized sodium chloride 
in one liter of distilled water, at room tem- 
perature. A few grams of salt was added to 
form an excess in the bottom of the container. 
This solution had a specific gravity of 1.200. 

The sugar solution, first recommended by 
Sheather,® was prepared by dissolving 500 Gm. 
(1 lb.) of cane sugar in 360 ce. (12 oz.) of dis- 
tilled water. The water was heated to the 
boiling point, poured into a receptacle con- 
taining the sugar and stirred. To this solution 
was added 1 per cent (6.5 cc.) of melted phenol 
crystals as a preservative. The specific gravity 
was 1.275. 

Technic of Fecal Examination.—Fresh fecal 
material from dogs was collected in paraffined 
paper cups. Twenty Gm. of this fecal material 
was placed in a beaker, 80 cc. of distilled water 
added and a homogeneous suspension formed 
by thoroughly agitating the feces with a glass 
stirring rod. This suspension was poured 
through gauze to remove heavy particles. The 
resulting suspension contained 1 Gm. of feces 
in every 5 cc. of suspension. 

Flat-bottom vials used in this technic were 
5% em. high, having a bore of 214, cm. and hold- 
ing 21 cc. of fluid. These were ground flat on 
the top so that the microslide (1” x 3”) fitted 
snugly. A circular area, the same as the open- 
ing of the vial, was heavily marked on each 
slide with a soft wax pencil. 

Five cc. of the suspension, containing 1 Gm. 
of feces, was poured into the vial; about 10 ce. 
of the flotation solution was added and the 
whole thoroughly mixed with a wooden appli- 
cator. Then more solution was added so that 
the mixture formed a small convex meniscus 
above the edge of the vial. A prepared micro- 
slide was placed on the top of the vial with 
the wax-marked area resting on the edge and 


4Skriabine, K. I., and Schulz, E. E. S.: Les hel- 
minthoses pulmonaries des animaux. Bull. Off. 
Internat. Epiz., xii (1936), pp. 407-456. (Abst. in 


Vet. Bul., vii (July 1937), pp. 337.) 

‘Sheather, A. L.: The detection of worm eggs in 
the faeces of animals, and some experiments in 
the treatment of parasitic gastritis in cattle. J. 
Comp. Path. & Therap., xxxvi (June 1923), pp. 
71-90. 


the mixture in the vial touching the sur‘ace 
within the marked circular area. 

Two flotation tests were made with cach 
solution at intervals of five and ten minutes 
After the elapsed time, the slide was quickly 
lifted and inverted, so that the surface laye, 
containing the ova was removed and remained 
inside the wax-marked area. The slide was 
then examined under the microscope: a me. 
chanical stage was used so that all parts of 
the wax-marked area would be observed. The 
ova were counted as they came in view in the 
field. 

The direct centrifugal flotation method was 
used, as a control measure, with each solution 
to be tested and with each sample of fecal 
material. A portion of the same homogeneous 
suspension (5 cc.) as used in the direct flota- 
tion methods was poured into a centrifuge tube 
(18 cc.) and the solution to be tested was 
added. The mixture was thoroughly stirred 
in the tube and then ‘placed in the centrifuge, 
Enough solution was added to fill the tube 
slightly above the rim, but not enough to cause 
overflowing when the cover slip was added. A 
cover slip 18 mm. square was placed on the 
top of the tube, which was centrifuged for two 
minutes. After this the cover slip was lifted 
from the tube, placed on a 1” x 3” slide and 
the number of ova counted. 

The tops of the centrifuge tubes were 
smoothly ground on a carborundum stone so 
that the cover slip would fit tightly around the 
rim and stay on the tube during centrifuging. 


RESULTS 


Fecal specimens were examined from 45 
dogs; 35 specimens contained parasite ova 
and ten were negative. Nine types of para- 
site infection, including two species of pro- 
tozoa, were found in the positive specimens. 
Some of the specimens contained ova and 
odcysts of four different species of para- 
sites, such as Trichuris vulpis, Taenia pisi- 
formis, Ancylostoma caninum, and coccidia; 
one specimen had T. vulpis, Troglotrema 
salmincola, Dipylidium caninum, and coc- 
cidia. Many of the other samples contained 
two or three different types of parasite ova. 

Tables I, II and III show the results of a 
comparison of various flotation solutions in 
the detection of parasite ova in feces fom 
45 dogs. T. vulpis ova were the most com- 
mon, being present in 22 of the posiive 
cases. These ova (table I) were foun! to 


rise best in the sodium nitrate solv ‘ion 
after a five-minute flotation period. A» 
average of 63 ova per gram of feces vas 
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TAYLE I—Comparison of Various Flotation Solutions in the Detection of Parasite Ova in the Feces of Dogs 


AVERAGE NUMBER OF OVA PER GRAM OF FEcEs CouNTED 
AFTER AN INTERVAL OF FIVE MINUTES 


NAME OF PARASITE NUMBER NaNOs ZNSO, McSO, | NaC SUGAR 


POSITIVE 
Speciric GRAVITY 


1.400 1.380 1.285 1.200 1.275 

huris vulpis . 22* 63 6 3 0.5 5 
Torecara canis 6 135 107 21 93 59 
Toxrascaris leonina 3 246 220 69 160 69 
Ancylostoma caninum. S 218 43 23 88 29 
Troglotrema salmincola. 3 573 41 29 0 24 
Di pylidium caninum. 7 12 1 4 | 0 
Taenia pisiformis 1 2 24 10 0 0 2 
Isospora bigemina (odcyst) 7 200 100 10 100 20 
Isospora rivolta (odcyst) 5 60 8 5 15 14 


| 
| 


TABLE Il—Comparison of Various Flotation Solutions in the Detection of Parasite Ova in the Feces of Dogs 


| AVERAGE NuMBER OF Ova PER GRAM OF Feces CouNTED 
AFTER AN INTERVAL OF TEN MINUTES 


NAME OF PARASITE NUMBER NaNOs ZNSOx | NaCu SUGAR 


| POSITIVE 
SPECIFIC GRAVITY 


| 1.400 1.380 | 1.285 1.200 1.275 
Trichuris vulpis. a 101 8 3 0.7 9 
l'oxocara canis. 6 189 66 26 148 98 
l'oxascaris leonina. . . . 3 464 352 97 266 113 
{ncylostoma caninum. 8 419 45 33 186 53 
Troglotrema salmincola. 3 826 116 40 0 36 
Dipylidium caninum. 7 35 0 9 0 2 
Tuenia pisiformis 2 35 15 I 0 l 
lsospora bigemina (obcyst). . . 7 300 200 10 200 104 
Isospora rivolta (odcyst) 5 100 15 10 25 20 


TABLE I11—Comparison of Various Flotation Solutions in the Detection of Parasite Ova in the Feces of Dogs 
AVERAGE NUMBER OF OVA PER GRAM OF Feces CouNTED 
AFTER CENTRIFUGING FOR Two MINUTES 


NAME OF PARASITE | NUMBER | NaNOs | ZnSO, MaSO, | | 


POSITIVE 
SPECIFIC GRAVITY 


1.400 1.380 | 1.285 

churis vulpis. 248 0.4 | 149 
cocara canis. 4 6 a: 782 464 | 391 956 
-ascaris leonina...... . 3 948 794 438 424 774 
ylostoma caninum....... 8 468 | 356 533 
glotrema salmincola......... .| é | 4333 4453 | 4167 | 0 | 2367 
ylidium caninum... ... 7 | 1 7 0 10 

pisiformis........... 2 210 | 108 | 2 3 
spora bigemina (odcyst)...... 7 | 3750 | 2011 150 «61000 500 
spora rivolta 5 142 153 64 91 


| 
| 


nly 13 of these were tested with zinc suifate. 
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counted by this method, which was ten 
times the number counted in the next best 
solution. The highest individual count with 
sodium nitrate was 382 ova per gram of 
feces and the lowest was 1 ovum per gram. 
All other solutions had some _ individual 
negative counts: sugar solution, six nega- 
tive (27%); zine sulfate, four negative 
(31% ) ; magnesium sulfate, eleven negative 
(50°); and sodium chloride, 18 negative 
(82%). 

With the direct flotation method after an 
interval of ten minutes, the sodium nitrate 
solution again had the high average of 101 
Trichuris ova per gram, or more than 
eleven times the number counted in the 
next best solution. There were no negative 
results with sodium nitrate in the indi- 
vidual counts, but all other solutions showed 
some negative counts: sugar, five nega- 
tive (23%); zine sulfate, three negative 
(23°); magnesium sulfate, eleven negative 
(50%); sodium chloride, 19 negative 
(86% ). 

In controlling the experiment a 
centrifugal flotation method 
which, according to Lane,® has an accuracy 
of 80 per cent on the first spin. Sodium 
nitrate gave an average of 248 ova per 
gram of feces with no negative individual 
counts in the 22 positive specimens. The 
other solutions which gave some individual 
negative counts were: sugar, four negative 
(18%); magnesium sulfate, three negative 
(14%): sodium chloride, 18 negative 
(82%). 

The sodium nitrate, in the 22 positive 
specimens with T. vulpis ova, was far supe- 
rior in all flotation tests to the other solu- 
tions. Even with a centrifuge, the sodium 
chloride solution was not able to float these 
heavy ova. In order that we could be cer- 
tain that ova were present in samples re- 
ported negative, the contents of these tubes 
were mixed with a portion of sodium 
nitrate solution and examined. In all nega- 
tive specimens, ova were found by both the 
direct flotation method and the direct cen- 
trifugal flotation method, thereby showing 


direct 


was’ used 


mass diagnosis of hookworm 
Hyg., viii (May supplement 


“Lane, C.: The 
infection. Amer. J. 


1928), pp. 1-148. 


that the specific gravity of these negative 
solutions was not high enough to float this 
type of ova. 

Six fecal specimens contained Toxocarg 
canis ova, and three specimens contained 
Toxascaris leonina ova (tables I, II and 
III). Again the sodium nitrate in all three 
flotation tests was superior to the other 
solutions, while magnesium sulfate gave the 
poorest results. 


A. caninum ova were found in eight 
specimens. In all three tests (tables I, I] 
and III) the sodium nitrate was vastly 
superior to the other solutions, having more 
than twice the number of ova per gram of 
feces as the next best solution. In the five- 
and ten-minute flotation tests, there were 
no negative counts with sodium nitrate, but 
in one specimen where sodium _ nitrate 
floated only two ova in five minutes and 
three ova in ten minutes, the other solu- 
tions were negative. 

One series of tests was made from a dog 
fed salmon infected with Troglotrema sal- 
mincola, Three specimens of feces, taken 
after the animal showed symptoms of sal- 
mon poisoning, contained many Tr. salmin- 
cola ova. The best solution (table I) in the 
five-minute direct flotation test was sodium 
nitrate, which gave an average of 573 ova 
per gram of feces, or eleven times as many 
as the next highest solution. In the ten- 
minute flotation (table II) sodium nitrate 
again was superior, with an average of 826 
ova, or about eight times as many as the 
next highest solution. With the centrifuge 
sodium nitrate, zinc sulfate and magnesium 
sulfate gave approximately the same aver- 
age counts. While the counts with other 
solutions in the five- and ten-minute flota- 
tion tests were low, the sodium chloride 
solution failed to float any ova. In order 
to check the negative results found with 
sodium chloride, the contents of these nega- 
tive tubes were divided and mixed with 
sodium nitrate and zinc sulfate solutions 
and tested both by the direct flotation and 
direct centrifugal flotation method. In all 
check c ints, many ova were found, show- 
ing that the Troglotrema ova are too he avy 
to be floated in sodium chloride solut on. 
With the centrifuge many of the ova v ere 
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-yu-hed in the sodium nitrate and zinc sul- 
fat. solutions, thus making an accurate 
eo. it very difficult. 

discussing the specimens containing 
D. caninum ova, one must take into con- 
sideration that these ova are not normally 
re cased in the intestinal tract but are elim- 
inoted in mature proglottides. In one speci- 
men numerous proglottides were passed 
with the feces, and these were crushed in 
the suspension. Sodium nitrate gave the 
best results in all three tests. 

[he ova of T. pisiformis, while normally 
eliminated with the proglottides as D. cani- 
mum, are occasionally found in the fecal 
material. In the two specimens examined 
that contained these ova, the best results 
were obtained with the sodium nitrate. 
Tests with magnesium sulfate and sodium 
chloride solutions in five-minute flotation 
and with sodium chloride in the ten-minute 
flotation were negative. 

Two types of oécysts were found in the 
feces examined: Seven specimens contained 
Isospora bigemina and five specimens, /. 
rivolta. Sodium nitrate brought more 
odcysts to the surface than any other solu- 
tion, but all gave good results, except mag- 
nesium sulfate. 


DISCUSSION 


Sodium nitrate solution gave a higher 
average and individual count of ova per 
gram of feces than any of the other solu- 
The ten-minute direct flotation 
method gave approximately twice the num- 
ber of ova as did the five-minute direct 
flotation method. This method was found 
to be a vast improvement as a diagnostic 
agent over any other. With the direct cen- 
tri'ugal flotation method there was a 
ma*ked superiority in ova count over that 
of either the five- or ten-minute flotation 
me hods. While in some specimens almost 


tions. 


ten times as many ova were counted in the 
cen rifugal flotation test as in the direct 
flot ition test, the usual count was three to 
five times as many. 

Z ne sulfate and magnesium sulfate solu- 
tio) s in comparison with sodium nitrate 
sho ved inferior results in the direct flota- 
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tion method. With these solutions the ten- 
minute test showed only slightly more ova 
than the five-minute test and in several 
specimens showed a lower count. More 
satisfactory results were obtained with the 
direct centrifugal flotation method, in 
which zine sulfate, magnesium sulfate, and 
sugar solutions were used. In these solu- 
tions approximately the same number of 
ova were floated as in the sodium nitrate 
(except the ova of Trichuris) and in a few 
specimens showed a slightly higher ova 
count, 

Ova that have a low specific gravity, such 
as those of the hookworm, were floated well 
with sodium chloride solutions in all tests, 
but with the heavier ova this solution gave 
inferior results. This was especially the 
case with the heavy Trichuris ova where 
many negative counts were obtained, and 
with Tr. salmincola ova where all specimens 
were negative, even after a direct centri- 
fugal flotation method was used. To check 
these negative counts, where ova were 
found with other solutions, the material 
from the negative count was divided and 
mixed, one part with sodium nitrate solu- 
tion and one part with zinc sulfate solution, 
and centrifuged. In all these checks numer- 
ous Ova were found. 

Even though sodium nitrate solution 
proved to be superior in the number of ova 
floated, some faults were found. In some 
specimens there were numerous bubbles 
present, making it impossible to count the 
ova. This was partly overcome by handling 
the solution carefully and, when mixing 
with the fecal suspension, pouring carefully 
and not stirring too roughly. In the slides 
where bubbles were numerous, a wooden 
applicator was used to spread the material 
gently. This removed enough bubbles to 
make it possible for us to see and count 
ova, but it was still unsatisfactory. In 
some specimens where bubbles persisted, 
sodium nitrate solution was mixed directly 
with fecal material, and it was found that 
there were fewer or no bubbles formed in 
this manner. 

Another fault was that considerable 
debris was floated with sodium nitrate solu- 
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tion, especially with the centrifuge, making 
it difficult to see the ova. This was partly 
overcome by spreading the material over 
the entire slide in order to make a larger 
area in which the ova could be seen. In 
the five- and ten-minute direct flotation 
method this was not as pronounced as in 
the direct centrifugal flotation method, in 
which more debris was floated with sodium 
nitrate than with any of the other solutions. 
This fault gave the zinc sulfate, magnesium 
sulfate, and sugar solutions a better diag- 
nostic value with the centrifuge because the 
ova were not obscured by debris and bub- 
bles. 

Many of the thin-shelled ova were 
crushed, especially with the direct centri- 
fugal method, making ova counts and even 
recognition difficult. More ova were crushed 
with the zine sulfate solution than any of 
the other solutions. Sugar solution caused 
few crushed ova, debris or bubbles. In the 
direct five- and ten-minute flotation method, 
in which poor counts were made with zinc 


sulfate and magnesium sulfate solution 
many crushed ova were seen. 

It also was observed that, unless the fec, 

material and solutions are mixed thor- 
oughly, few ova will appear. With sodium 
nitrate this was noted several times where 
few ova appeared, although a large number 
were expected. In one specimen in which 
only 70 ova were counted before stirring, 
510 ova per gram were counted after stir- 
ring; in another specimen in which 72 ova 
were counted before stirring, 478 ova were 
counted after stirring. With sodium nitrate 
solution the stirring or mixing process 
should be thorough but gentle so as not to 
‘ause the formation of bubbles. 

With sugar solution thorough mixing is 
necessary for good results. Several samples 
that failed to show ova, where many were 
known to be present, were again rechecked 
after the same material was mixed thor- 
oughly. In all samples rechecked, where g 
no ova were found before stirring, hun- ( 
dreds of ova were found after stirring. 
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Successful Chemotherapy of a Virus Disease of the Canary 


FREDERICK COULSTON, A.M., and REGINALD D. MANWELL, A.M., Sc.D. 


Syracuse, N. Y. 


THOUGH virus diseases are widespread 
nature, there are few for which there 
an effective means of treatment. Indeed, 
(cKinley, Meck and Acree’ in a recent 
view of the subject reached this dis- 
uraging conclusion: “Our work would in- 
dicate that the possibilities of successful 
chemotherapy in the virus diseases are not 
particularly encouraging at present.” It is 
true, of course, that means of prevention 
have been developed for some such maladies, 
both in man and animals, but the list of 
those which can not be effectively prevented 
still long. Canary pox belongs in this 
second category and is often the cause of 
severe losses to breeders and those who use 
canaries for experimental purposes, as for 
the study of avian malaria. Our own loss 
from this cause over a period of ten years 
has amounted to several hundred birds, and 
we have been in correspondence with large 
breeders whose losses have totaled much 
more than this, sometimes in a single 
epizoétic. For this reason we became in- 
terested in studying the disease and devel- 
oping, if possible, an effective method of 
treatment. 


MATERIALS AND METHODS 


Canary pox is a variety of bird pox, which 
parently affects many species of birds, al- 
ough there are many strains of the virus 
hich, even in the same host, may differ consid- 
ably. We have used two strains in the pres- 
it study: One is of unknown origin, although 
may have originated from wild birds which 
‘re being brought into the laboratory quite 
gularly in connection with a study which was 
ing carried out of their parasites. The sec- 
d strain was secured from a local breeder 
whose aviary it had caused severe losses. 

ixperimental work included (1) efforts to 
insmit the disease from bird to bird, (2) a 
idy of the pathology and filtrability of the 
us, (3) a study of the effect of desiccation on 
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virulence of the virus, and (4) the trial of 
mercurochrome as a therapeutic agent for treat- 
ing the disease. 

Transmission was attempted by direct con- 
tact of infected mucous surfaces, subcutaneous 
injection of infected tissues, and also by drop- 
ping suspensions containing the virus directly 
into the eyes of healthy birds. Although the 
disease spreads rapidly in an aviary once it 
is started, the actual route of spread is not 
definitely known. In nature mosquitoes (Culex, 
Aedes, Theobaldia, Anopheles), houseflies, 
Stomorys calcitrans, certain bugs (e.g., the 
common bedbug), and certain ticks are said by 
Findlay” to spread fowlpox. Natural transmis- 
sion of canary pox in our own laboratory could 
not have occurred in any of these ways, how- 
ever, since the birds were kept in a screened 
room and none of the insects or other arthro- 
pods on the above list was present. Mites 
(Dermanyssus gallinae) may have played some 
part, but whatever the usual method of spread 
may have been, there were often cases in which 
uninfected and infected birds were kept in the 
same cages for some time without transmis- 
sion of the disease, or when it was contracted 
only after some weeks. 

Mercurochrome was used in alcohol-acetone 
solution (1 to 3 per cent of mercurochrome in 
70 per cent alcohol, to which a trace of acetone 
had been added) and applied once or twice 
daily to the infected surface, generally with a 
cotton swab. When there was pharyngeal in- 
volvement, a drop or less also was adminis- 
tered orally. The duration of treatment varied 
with the severity of the disease. 


THE DISEASE 


Inasmuch as accounts of canary pox 
differ, and few studies of the disease have 
been made, it is worth while to give a brief 
description of it. In our experience it 
occurs in three forms (although these also 
may be seen in combination): (1) a form 
in which the earliest symptom observed is 
gasping, (2) a second type, in which the 
chief lesions are found about the margin 
of the epithelium of the eye, and (3) a 
third type characterized chiefly by warty 
outgrowths on the toes and legs. The first 
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two types have in our experience been uni- 
formly fatal and we have seen at least six 
distinct epizoétics. The third type has 
occurred in our laboratory only two or three 
times and runs a much more chronic course, 
but after some weeks or months it also 
kills the bird. Death usually occurs in 
the first two forms after a week or ten 
days, and sometimes sooner. 

There are many different strains of pox 
virus, some of them less pathogenic than 
others, but canary pox as we have seen it 
behaves as described by other workers in 
various parts of the world, notably Kikuth 
and Gollub,* Burnet,‘ and Reis and No- 
brega.” It is clear, therefore, that this 
highly virulent type is of widespread oc- 
currence. Dividing the disease into types 
based on symptomatology alone may seem 
a questionable procedure, but we do it 
because in some epizoétics one form pre- 
dominates, and in others another form even 
almost to the exclusion of the other two. 


PATHOLOGY 


Both the gross and microscopic path- 
ology were studied, the latter in smears and 
sections stained with Giemsa. Photomicro- 
graphs of the latter are shown in plate I. 
These exhibit the characteristic hyperplasia 
of the epithelium produced by the virus 


*Kikuth, W., and Gollub, H.: Zentr. Bact., cxxv 
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of bird pox in such much-studied species as 
fowl pox, and probably in other hosts as 
well. Many of the cells show inclusions, 
such as the Bollinger bodies, and these in 
turn contain the smaller masses known as 
Borrel bodies. These bodies are also char- 
acteristic of the disease, apparently irre- 
spective of the host species, although the 
disease itself exists in as many varieties 
as there are susceptible species of hosts. 
The epithelial cells are, however, not the 
only type of cells attacked, at least in the 
canary, and, according to Burnet,? the great 
pathogenicity of canary pox is due to the 
fact that macrophages soon become infected 
and carry the virus throughout the body. 
Such a monocyte is shown in figure 5. Late 
in the course of the disease there are 
marked changes in organs such as the 
spleen and Burnet states that tissues de- 
rived from all three germ layers may be 
attacked. This fact makes the curative 
power of mercurochrome, which is dis- 
cussed below, especially remarkable. 

The gross pathology is characterized by 
initial lesions about the margin of the eye 
in the ophthalmic type of the disease. These 
speedily enlarge, and within several days 
the eye is closed and blindness results on 
that side. If death does not occur first 
the disease soon extends to the other side, 
with similar results. 

There are frequently lesions about the 
beak (fig. 8) and about the nares, par- 
ticularly in birds which exhibit the gasping 
type of the disease. Not seldom, however, 


CAPTIONS TO ILLUSTRATIONS ON OPPOSITE PAGE 
Plate I—Figs. 1-6* 


(1) Section through the skin surrounding the eye of an infected bird. 
In the original preparation these stain bright pink against a blue background (x 750). 
marked pathologic changes with many 
arrows) and the Borrel bodies which they contain are so numerous the entire area was stained bright pi 
(3) Dark red Bollinger bodies are often seen in the cells of the epidermis, and one of these 
(4) A portion of the epidermis and derma. 
containing Borrel bodies is to be seen in a macrophage (arrow). 
(5) From a smear preparation of the epithelioma about an infected eye. 
(6) A smear preparation from an eye epithelioma. 
The Bollinger bodies, which would be evident in a section, appear to 


by arrows. 
section shows 


(x 1,620). 
indicated (x 1,620). 


(x 1,620). 
containing many Borrel bodies (x !,200). 
are numerous and conspicuous. 


The Bollinger bodies are indicated 
(2) Ti 
Bollinger bodies (indicated | 


necrotic cells. 


In the latter a typical Bollinger bo: 
Other inclusion bodies are also visibe 
A monocyte is sho) 


Borrel bod 


owas 


broken in the process of smearing (x !,200). 


*Photomicrographs from which these illustrations were reproduced were taken by Miss Stella Zimm 
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the Giemsa method. 
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such birds show few and inconspicuous 
external lesions, but (in our experience) 
the gasping continues for a week or ten 
days until the bird dies. It appears that 
death is directly due to exhaustion, plus 
inability to take food because of the con- 
tinuous gasping. But there are also lesions 
in the pharynx and trachea in these cases, 
and these are, of course, chiefly responsible 
for the symptomatology. 


TRANSMISSION 


Much more is known about the trans- 
mission of other varieties of bird pox, par- 
ticularly fowl pox, than about canary pox. 
In such host species as the fowl it is said 
that infection occurs through small abra- 
sions in the skin, or mucous membrane, and 
by the ingestion of contaminated food. As 
stated above, the malady also may be 
spread by biting insects, particularly mos- 
quitoes, 

Natural transmission from canary to 
canary in an aviary is a different matter 
in many cases. None of the biting insects 
mentioned above can be incriminated in any 
of the epizoétics we have experienced, but 
the mite, D. gallinae, as mentioned pre- 
viously, may have carried infection. At- 
tempts to infect canaries with emulsions of 
mites taken from cages containing diseased 
birds have not been successful, however. 

The fact that birds which have been kept 
in cages by themselves frequently develop 
the disease shows that contamination of 
food and water, or of parts of the cage, 
can not always be responsible, and suggests 
that the virus may be dust-borne. 

The predominance of one type of the dis- 
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ease or another in different epizodtics seer is 
to show that the location of the inital 
lesion is not to be explained simply as tne 
result of original infection at that sive. 
Variation in the virus appears to be a 
more likely explanation. 

Experimentally we have secured infection 
by direct contact of a lesion with the eye 
of a clean bird, by subcutaneous and intra- 
muscular injection of a suspension of in- 
fected tissue in physiologic saline, by 
inoculation of blood from a sick bird into 
a healthy one, and by putting a suspension 
of the virus into the eye. In all of these 
cases relatively large doses of the virus 
were used, but the results suggest that 
natural infection might also occur, as in 
other types of bird pox, through abrasions 
of the skin and mucous surfaces. It is 
worth noting that the incubation period 
may be very long, although it is stated by 
Reis, Nobrega and Reis® to be about four 
to six days on the average. In the case 
of one bird, which we infected by dropping 
the virus into the eye, the disease required 
five weeks to develop. 

It is probable that transmission under 
natural conditions is frequently the result 
of contact of mucous surfaces with the 
perches or other parts of the cages. Sick 
birds are in the habit of almost continually 
rubbing their beaks, around which there 
are likely to be active lesions, on the 
perches and we have found the virus to re- 
tain its virulence for a number of months. 
It is clear that contaminated parts of the 
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CAPTIONS TO ILLUSTRATIONS ON OPPOSITE PAGE 
Plate Il—Figs. 7-15 


(7) The eye of an infected bird before treatment was begun. It would require several days after the appe »r- 


ance of the first symptoms for the disease to reach this stage. 
(9) Appearance of the eye after three days of treatment. ([( 0) 


under the beak. 
One week later. 
the scab observed in figure 9. 


The bird was gasping. 


and new feathers have begun to develop where the lesion was. 
(13) The treated eye three months after treatment was instituted. |! is 


at the same time as figure 7. 


normal, although feathers growing on the site of the former lesion might be taken for a scar. 
advanced epithelioma, showing extensive epithelial proliferation characteristic of the disease. 
(15) In this case lesions about the eye and nare are clearly evident. 


treated successfully. 


The lesion under the beak has disappeared. 
(11) Fifteen days after treatment was started. 


(8) Same bird as in figure 7, showing a les on 


New tissue is filling the space occupied by 
Healing is virtually comp! te 
(12) The other eye of the subject, te en 


(14) An 
This case a5 
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TABLE I—Summary cf Results of Treating Canary Pox with Mercurochrome 


MopeE or INFECTION TREATMENT 


NUMBER | _ NuMBER | Dura- 
OF NATURALLY) INocu- | STAGE OF | op TION 
CASES ACQUIRED LATED* |INFECTIONT) Days 
20 16 | 4 Early 4-10 5 
8 6 2 Advanced 10-26 
12 ) 7 Very 10-20 15-30 


advanced 


*All injected subcutaneously under eye. 
Karly symptoms present. Advanced 
eye completely closed. 


theliomas large; 


EFFecT ON DISEASE 


RECOVERY 


SYMPTOMS Lesions | Time Re- Propor- | M 
QUIRED TION Re- a 
Days) COVERED | 2 
Disappeared! Disappeared 1-9 | 100% N 
Disappeared} Disappeared 5-17 100% N 
Alleviated Advanced 10-24 12% 7 cases 
slowly more slowly (5 cases) | (All deaths 
del 
Epitheliomas; eye still open. Very advanced ) 


tMode of treatment: Local and oral with swab and dropper. 


‘ages would, therefore, remain infective for 
a long time if not sterilized. 


TREATMENT 


Various methods of treatment have been 
tried in fowl pox, among them tincture of 
iodine with glycerin, and protargol. But 
apparently there has been no successful 
method of treating canary pox. The effect 
of mercurochrome in an _ alcohol-acetone 
solution, however, is striking, and is illus- 
trated in plate II. We have used it on 
40 cases, with the results summarized in 
table I. Except in very advanced cases, 
treatment is almost always effective. Un- 
treated birds, on the contrary, apparently 
always die, whether the method of infection 
is natural or artificial. 

The amount and efficacy of treatment vary 
with the severity of the case, as might be 
expected. Not infrequently, when treatment 
is started early, it appears that one or a 
very few treatment(s) repeated once or 
twice daily is/are sufficient. 30th the 
gasping and the ophthalmic type of the 
disease are susceptible to treatment, but 
in the former we have given a little mer- 
curochrome orally, as well as applying it to 
the visible lesions. 

The effect of treatment is graphically 
shown in plate II, in which figures 7 to 
13 depicit the same bird before treatment, 
and after treatment has been continued for 
varying lengths of time. At times cases 


exhibit both lesions of the eye and of the 
mouth parts and upper respiratory pas- 


sages, as this bird did. Although seriously 
ill when treatment started, and gasping so 
much that a good picture was difficult to 
obtain, it exhibited steady improvement 
and after two weeks of treatment was 
virtually well. In this case the drug was 
administered twice a day for ten days, and 
once daily every other day until four addi- 
tional applications had been made. _In- 
provement is evident in such cases almost 
immediately, and in this one the gasping 
stopped within 24 hours. 

When it is recalled that, in our experi- 
ence, canary pox has proved uniformly fatal 
without treatment, the results of mercuro- 
chrome administration seem remarkable. 
Possibly other drugs also would prove ef- 
fective, but iodine at least seems too harsh 
a drug for application to the eye or even 
to give internally unless in minute quan- 
tity. As a matter of fact, we have tried 
several other drugs, including 70 per cent 
alcohol (since the mercurochrome is dis- 
solved in alcohol), merthiolate (1:1,000) 
applied locally, and prontylin, but none of 
these substances has exhibited any effec‘. 

Relapse after recovery seems to be un- 
common. We have observed three such 
cases, but a few more applications of me’- 
curochrome were sufficient to bring al out 
complete and permanent recovery. 

The fact that relapses do occasion illy 
occur leads to the question of whether or 
not recovery is accompanied by immu: ity 
to reinfection. It is true that in fowls ind 
in a few other species of hosts which | ive 
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A VIRUS DISEASE OF THE CANARY 


studied, recovery from the pox leaves 
nmunity. It is also true, however, that 
e are many strains of bird pox, and 
these differ much among themselves. 
1e are highly pathogenic and others are 
h less so. Lahaye’? and Eberbeck and 
ser® studied a strain of bird pox which 

; infective for canaries, but relatively 

ipathogenic. It is almost a commonplace 

at such viruses differ much in their 
cificity, and we have found the strains 

f canary pox used in this study incapable 

infecting starlings, cowbirds and chick- 

1s, but capable of producing a rather mild 
infection in song sparrows and English 
sparrows. When differences as great as 
these exist, it seems dangerous to make a 
priori assumptions for one host species or 
virus strain on the basis of others. As a 
matter of fact, six cases in which recovery 
had been brought about by treatment were 
reinfected with large doses of virus, and 
found to be refractory. 

The infectivity of the virus after being 
kept in a desiccated condition for varying 
lengths of time also was studied, and it was 
found that after seven or eight months the 
virulence was considerably diminished, and 
after eleven months completely lost. Eight 
cases which had recovered naturally after 
infection with the virus attenuated in this 
manner were reinoculated, four with an- 
other dose of attenuated virus, and four 
with virulent virus. The first four proved 
resistant to reinfection, but the virulent 
virus produced fatal infections in two of 
the second group. (In all cases the virus 
was inoculated subcutaneously under the 
eye.) Thus it appears that immunity to re- 
in’ection is only relative, but it is suffi- 
ci-ntly strong after infection with atten- 
uted virus to suggest the possibility of 
si cessful vaccination as a preventive. 

‘he possibility that recovered cases may 
ca vy the virus for a time, and thus act as 
ca iers, may be mentioned. The fact that 
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relapses do not often occur, and that we 
have found the blood and organs of such 
cases noninfectious, and that birds kept in 
the same cage with recovered cases remain 
well, seems to make it certain that carriers 
occur rarely. 
SUMMARY AND CONCLUSIONS 

Canary pox is a virus disease of canaries 
which often appears in highly virulent 
form, killing virtually all birds which it at- 
tacks. It tends to occur in two forms which 
are symptomatically different: In the one 
there are swellings about the eyes and often 
elsewhere on the head, and in the other the 
chief indication is continual gasping. The 
virus nature of the disease is established by 
the occurrence of typical cellular inclusions, 
and by successful filtration through a 
Berkefeld candle (“W’’). It has been found 
infective for English and song sparrows, 
but not for cowbirds, starlings and chick- 
ens. When dried, the virus retains its 
virulence for about seven months, is capable 
of producing relatively mild infections for 
about two months longer, and loses its 
virulence completely thereafter. Canaries 
which recover after being infected with the 
attenuated virus develop an immunity 
which protects them to a considerable ex- 
tent, but not completely, against the com- 
pletely virulent virus, thus suggesting the 
possibility of successful vaccination. When- 
ever infection with the virulent stock of 
virus has been undertaken, however, the re- 
sult has been fatal, and the site or means 
of transmission has not appeared to make 
any difference. The natural method of 
transmission is not known, but it does not 
involve any of the species of insects thus 
far reported as vectors of bird pox. 

Treatment of the disease is possible with 
mercurochrome in an alcohol-acetone solu- 
tion. The drug is applied both locally and, 
in very small doses, orally. This method of 
treatment is successful in nearly all cases, 
unless they are very advanced. Recovered 
birds exhibit a strong immunity to reinfec- 
tion, particularly if they have been infected 
to begin with by a virulent virus. 
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Use of Tin Preparations for the Treatment of Chickens Exper.- 


mentally Infected with Tapeworms 


JAMES E. GUTHRIE, D.V.M., and PAUL D. HARWOOD, Ph.D. 
Washington, D. C. 


EVER SINCE kamala has been shown to be 
unsatisfactory as a taeniacide for use in 
poultry, there has been a need for an effec- 
tive therapeutic agent to be used for ex- 
pelling tapeworms from fowls. Accord- 
ingly, numerous compounds have been 
tested in the laboratories of the Zodélogical 
Division of the Bureau of Animal Industry 
to determine whether or not they would 
show taeniacidal properties. Of the com- 
pounds tested, those containing tin showed 
more or less promise. Although it is not 
possible to recommend at present any of the 
tin preparations which have been tested, 
the data collected show sufficient promise to 
warrant their publication. 


REVIEW OF LITERATURE 


The literature dealing with those substances 
which have been recommended and used for 
the treatments of tapeworm-infested poultry 
has been reviewed in a previous publication' 
and need not be repeated here. However, a 
brief review of the literature dealing with the 
therapeutic value of tin follows. 

Tin is probably one of the oldest metals 
known to man. Tin mines in Cornwall are 
thought to have been worked by the Phoenicians 
about 1000 B. C. The metal is mentioned in 
Biblical literature and also by Pliny in his 
Historia Naturalis. As early as 1589 Paracel- 
sus* reported that tin filings possessed anthel- 
mintiec properties. In 1742, Alston® gave for 
use in man the following formula which, he 
stated, came to his attention in 1719: “Take 
an ounce and a half of pewter metal and 
grind it small to powder; take half a Mutchkin 
(a Mutchkin equals 0.9 U. S. pint) of Treacle 
and take your powder and mix both together. 
The Friday before the change of the moon take 
one-half of it and the day thereafter take the 
other half of the other half and the Sunday 
thereafter the rest of it; on the Monday purge.” 
This medicament was administered with suc- 
cess to a woman who had long been troubled 
with tapeworms. Richter‘ discussed the thera- 
peutic applications of tin and referred to several 

*From the Zoélogical Division, Bureau of Animal 
Industry, U. S. Department of Agriculture. 


investigators who had used this substance as an 
anthelmintic, chiefly against tapeworms. 

The use of tin as a taeniacide apparently 
declined until 1889, when Dommes® reported 
favorably on its use as an anthelmintic. He 
used a fine gray electrolytic powder in doses 
of 7.5 gr. four times daily and stated that no 
toxic effects were noted. Dochevskii® admin- 
istered tin in daily doses of 0.5 Gm. to two 
dogs and noted no untoward effects. He stated 
that he experienced no unpleasant results after 
taking large doses of tin himself and that it 
appeared to be_ relatively nontoxic. Four 
patients treated with powdered tin, in doses 
of 1.5 to 3.6 Gm., eliminated complete specimens 
of Taenia saginata. Delektorskii’ reported on 
the use of tin as a remedy for tapeworms in 
children. The patients were kept on a diet of 
milk, broth and bread for two days, during 
which time they were purged vigorously. Pow- 
dered tin in doses of 1.2 to 5.1 Gm. was admin- 
istered on the second day. The scolex was 
expelled in only one case out of a total of ten 
so treated. Fedorov*® administered tin in a total 
of 20 tapeworm cases from which one head was 
obtained. Lepinay® reported that pure oxide of 
tin administered to dogs removed a large 
number of tapeworms including the heads. The 
Same treatment removed two specimens of 
T. saginata from a man, but the heads could 
not be demonstrated. In 1939, The Journal of 
the American Medical Association” published a 
statement that tin is of no value as a taeniacide 

A mixture of metallic tin and tin oxide has 
been employed to some extent, especially in 
France, for the treatment of furunculosis and 
other staphylococcic infections, the treatment 
having been introduced in 1917 by Frouin and 
Gregoire."' Compton,” Wright™ and Sellier” 
reported favorably on tin therapy in connection 
with the treatment of skin infections in man 
and small animals, but Kolmer et al © ™ were 
unable to prove experimentally the therapeu- 
tic value of tin compounds in staphylococci« it- 
fections of rabbits and guinea pigs. Ora! tin 
therapy exhibited definite curative prope: ties 
in 18 cases of chronic osteomyelitis treate: by 
Klein,” * as well as in hordeolosis, accor ‘ing 
to Levy” and Schlesinger.” 

The toxicity of tin has been investigate by 
several workers. However, the early obs¢ “va 
tions on the poisonous properties of this 1 eta! 
are unreliable, since in most instances ‘he 
possibility exists that the tin was mixed © ith 
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iic or lead. White* reported that 2.5 mg. 
iethyltin acetate was fatal to a large frog 
zht to ten hours, and the fatal dose of the 
compound for a large rabbit was 20 mg. 
ibuted over a period of three days. Intra- 
us injection of 22 mg. of tin in the form 
dium stannous oxide tartrate was fatal to 
edium-size rabbit on the fifth day. This 
ior gives the symptoms of tin poisoning as 
sea, vomiting, loss of appetite, thirst, pro- 
diarrhea and increased reflex irritability 
owed by paralysis. Ungar and Bédlander* 
also investigated the toxicity of tin in the form 
of sodium stannous oxide tartrate. They ob- 
served that this compound was much less toxic 
when administered in the feed than when given 
subcutaneously. Daily doses of .08 Gm. of 
stannous chloride were apparently well tol- 
erated by a dog weighing 5 kg. 

Salant et al* *4 reported that adminis- 
tration of tin as tin tartrate by the mouth 
caused vomiting and diarrhea in cats when 
riven in 10-mg. amounts. The same symptoms 
were exhibited by dogs given 25-mg. doses. 
Intravenous injection of 20 mg. of tin per kilo- 
gram, in the form of sodium stannous tartrate, 
proved fatal to laboratory animals within 24 
hours. Feeding experiments with rats carried 
on over a period of four to twelve months failed 
to show any toxic effect, although absorption 


of the metal took place to some extent. Loss 
of weight was noted in cats fed tin as tin 
tartrate and tin chloride, in daily doses of 
50 mg. per kilogram for periods as long as 
four weeks. Schryver® took the double tartrate 


of tin and sodium for three weeks. The daily 
dose was 1 gr. the first week, 2 gr. the second 
week and 3 gr. the third week. The amount of 
tin in the urine and feces was determined daily. 
During the first two weeks the output kept pace 
with the intake, but some was retained during 
the third week. Similar experiments with dogs 
gave practically the same results. Goss*® deter- 
mined that tin is readily adsorbed from solu- 
tions by coagulated proteins. This adsorption 
complex was very stable as both peptic and 
tryptie .digestion were markedly interfered 
with. On the basis of these findings, the author 
re.soned that digestion of such compounds 
wonld be inhibited to such an extent that tin 
conbined in this way could exert little if any 
to-ie effect. Hanzlik et al® reported that tin 
gi en in amounts 2% times the fatal dose of 
le 1 was not toxic to pigeons during 27 days 
of »bservation. Chemical analysis of the organs 
of 1ormal horses and cattle made by Bertrand 
an Ciurea* showed that tin was present in all 
or ins examined with the exception of the 
pe toneum. 


M. TERIALS AND METHODS 


| chickens used in the experiments re- 


po ‘ed in this paper were obtained as 1-day-old 


chicks from the Animal Husbandry Division of 
the Bureau of Animal Industry at the Beltsville 
Research Center, Beltsville, Md. The birds were 
kept under conditions designed to prevent 
extraneous infections with helminths, and were 
fed a well-balanced diet consisting of ground 
corn, wheat middlings, alfalfa meal, dried milk, 
meat scraps, fish meal, cod liver oil and salt. 

Meal beetles (Tribolium spp.) were fed on 
gravid segments of Raillietina cesticillus. After 
a period of five to six weeks each beetle was 
dissected in a small amount of physiologic 
saline, and the fuliy developed cysticercoids 
obtained were counted and administered to 
each bird by means of a glass pipette. Each 
bird used for the preliminary testing of the 
drugs was given twelve cysticercoids. For the 
controlled tests on the more promising drugs, 
birds infected with 50 cysticercoids each were 
employed. 

Two to four weeks after infection each bird 
was confined in separate compartments of a 
laying battery having a wire floor through 
which the droppings passed into a pan contain- 
ing a small amount of water. The drugs were 
administered in hard gelatin capsules to the 
birds after a fast of 18 to 24 hours. Each 
capsule was pushed well down into the esopha- 
gus and then on into the crop by grasping 
the throat region between the thumb and 
forefinger and forcing the capsule ahead. Four 
hours after treatment the regular feed was 
placed before the birds. The feces of each 
bird were collected daily for three days and 
examined in the usual manner for tapeworms. 
Each bird was weighed the day of treatment 
and on the second, fourth and 14th day follow- 
ing treatment. Two weeks after treatment each 
bird was killed and the intestinal tract carefully 
examined for tapeworms. The controlled tests 
were conducted as described above, except that 
each bird was given 50 cysticercoids instead of 
twelve, and an adequate number of control 
birds, which had been infected with tapeworms, 
were kept with each group of treated chickens. 
At the time of treatment the control birds were 
fasted as described above and given an empty 
capsule similar to that used for the administra- 
tion of the drug to the treated birds. 

The dung beetle, Onthophagus hecate, was 
used as an intermediate host for Hymenolepis 
carioca. The procedure was similar to that used 
in the controlled tests with R. cesticillus, except 


that 1,000 cysticercoids were administered to 
each bird. Because these birds were used in 
connection with an experiment intended to 


determine tapeworm injury, it was necessary to 
necropsy the treated birds two weeks after the 
date of necropsy of the control birds. Since 
tapeworm infections of chickens are usually of 
long duration (Harwood, Ackert® and Chan- 
dler™) this delay is a matter of little or no 
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TABLE I—Effects of Inorganic Tin Compounds on Expe-imental Infections of Raillietina Cesticillus in Chick: as* 


BAND 
No. 
AND 

Breept 


| Wercut| Date or 
(Gm.) | INFECTION 
(1939) 


Druc EmpLoyep 


stannous chloride 
stannous chloride 
stannous chloride 
stannous chloride 
stannous chloride 
‘tannic iodide 
‘tannic iodide 
stannous oxide 
stannous oxide 
stannous oxide 
‘stannous oxide 
stannous oxide 
stannous oxide 
stannous oxide 
stannous oxide 
stannous oxide 
stannous oxide 
stannous oxide 
stannous oxide 
stannous oxide hydrate 
stannous oxide hydrate 
stannous phosphate 
‘stannous sulfate 
Stannous sulfide 


1,328 | 
107 
184 

,020 
,O87 
974 
,098 
440 
530 


530 L | 
3511 M 
3590 M 


m 


hydrate 
hydrate 
hydrate 
hydrate 
hydrate 
hydrate 
hydrate 
hydrate 
hydrate 
hydrate 
hydrate 


1996 
3592 } 
1922 | 
1981 ! 
1993 } 
1954 
244 
1784 
1794 
1736 LS 


with twelve 
indicated by letters 
Light Sussex. 


*These birds were infected 


‘Breeds are 
Island Red, LS 


following the 


consequence, as far as the experiments dis- 


cussed in this paper are concerned. 


DATA 


Table I presents a summary of the re- 
sults obtained by the administration of 
seven inorganic tin compounds to chickens 
experimentally infected with twelve cysti- 
cercoids each of R. cesticillus. The most 
encouraging results were obtained from the 
administration of various amounts of stan- 
nous oxide hydrate prepared in the labora- 
tory by the authors of this paper. The 
other compounds were not tested as exten- 
sively, but from the observations made at 
the time of treatment and the data pre- 
sented, they appear to be less effective. 

The results obtained from the adminis- 
tration of five organic tin compounds to 
chickens experimentally infected with 
twelve cysticercoids each of R. cesticillus 
are recorded in table II. Tin oleate,* stan- 


was obtained 
known 


“tin oleate” used 
sources, and nothing is 
of its purity or chemical composition other than 
the name implies. However, two samples of “‘stan- 
nous Oleate’’ obtained from another source appeared 
to be ineffective. As the “tin oleate’ and the 
“stannous oleates” differed markedly in physical 
appearance, it probable that these materials 
from different sources are of different chemical 
composition. The problem is being investigated at 
the present time. 


*The sample of 
from commercial 
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None 
None 
None 
None 

| Died 

None 
None 
None 
None 
None 
None 
None 
None 
Lost weight 
Died 
None 
Lost weig! 
Toxic 
None 
Toxic 
Lost weight 
None 
Lost weigh 


None 
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band number: Leghorn, M—Mixed, RI—Rhode 


nous oxalate and stannous tartrate were of 
low toxicity and on the basis of the data 
presented, they are the most promising for 
anthelmintic use. Tripheny] tin chloride 
was found to be too toxic to warrant 
further testing. On the other hand, tetra- 
phenyl tin, while of low toxicity, was in- 
effective in all dosages used. 

3y mixing various tin compounds with a 
small amount of synthetic pelletierine 
hydrochloride, the taeniacidal activity of 
these compounds was greatly enhanced. 
The results obtained from the administra- 
tion of these and of other mixtures of less 
promise to birds infected with twelve cysti- 
cercoids each of R. cesticillus are reported 
in table III. Mixtures containing one of the 
following tin salts, namely, stannous oxa- 
late, stannous oxide hydrate or stannous 
tartrate, as well as a small amount of syn- 
thetic pelletierine hydrochloride, exhibi‘ed 
most encouraging taeniacidal properties. 
The stannous chloride-pelletierine mixture 
proved to be somewhat toxic and further 
work with it was discontinued. 

Since preliminary tests with various 
compounds, and mixtures containing 
compounds and synthetic pelletierine hyd 0- 
chloride, were promising on chickens 1- 
fected with a small number of tapeworr s, 


in 
in 


a 
Dose | 
1/6 0 
1/6 0 
3919 RI 1/2 l 
3551 M 1 
1874 L 2 | 
1983 LS l 
1852 LS 22 
i934 M 11 
1986 M 11 ou 0 
1984 M 335 11 0 29 0 
1997 M 425 11 0 29 1 
1911 15 11 0 29 l 
1995 M 398 11 0 23 
370 ll 0 LS 0 
186 6 0 14 l { 
160 11 0 29 0 
145 11 l 23 8 
545 11 l 23 0 
352 11 | 18 7 } 
920 22 Ss 
1,040 22 2 } l 
956 22 l 5 
920 22 2 3 
— 


vas deemed necessary to obtain more 
plete information on the efficacy of 

e substances by using controlled tests. 
results obtained in these controlled 

s are reported in table IV. As shown 
the table, mixtures containing a small 
sunt of synthetic pelletierine hydro- 
oride and one of the following tin com- 
inds, namely, tin oleate, stannous oxa- 

e, stannous oxide hydrate or stannous 
artrate, removed R. cesticillus from 
heavily parasitized birds with a high de- 

ee of efficacy. Examination of the feces 
after treatment with these mixtures re- 
vealed the presence of numerous strobilae, 
but in only a few instances were the heads 
recovered. It is possible that the active 
principle of these mixtures causes the stro- 
bila to break off near to the scolex which 
remains attached and later is destroyed, or 
that the drug hastens the disintegration of 
the heads to such an extent that they are 
digested in the intestinal tract. 

These tin pelletierine mixtures were 
apparently somewhat irritating to the in- 
testinal tract, as shown by the presence of 
some mucus in the feces the day following 
treatment. However, the treatment did not 
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since the gain in weight of the treated birds 
compared favorably with that of the con- 
trols in nearly every case. In some in- 
stances the treated birds actually gained 
more weight than the controls, but until 
more data are available no significance can 
be attached to this observation. 

During the course of these investigations 
18 birds infected experimentally with 1,000 
cysticercoids each of H. carioca became 
available. As has already been explained, 
it was necessary to necropsy the controls 
two weeks before the treated birds. Since 
more work had been done at that time with 
the stannous tartrate-pelletierine mixture, 
this combination was chosen for the tests 
with these birds. The results obtained, as 
reported in table V, indicate that this mix- 
ture is even more effective for the removal 
of H. carioca than for R. cesticillus. 

Since the tin soap-pelletierine mixtures 
proved to be effective taeniacides in these 
tests, it became necessary to determine the 
toxicity of these substances when adminis- 
tered to chickens in large doses. Accord- 
ingly, several experiments were performed 
in which the drugs were administered after 


TABLE Il—Effects of Organic Tin Compounds on Experimental Infections of Raillietina Cesticillus in Chickens* 


| 


AND } 
Yo. | Weiaut| Date or | Dost DATE OF DATE OF RECOVERED EFFECT OF 
| (GmM.) INFECTION] Druaga EmpLoyep (Gm.) TREATMENT NECROPSY at Ne- | TREATMENT 
Breept (1939) | (1939) (1939) cropsy (No)| on Host 
295 RI | 735 3/3 | Tetraphenyltin 5.0 3/28 1/1i 3 | None 
M 1118 | 2/13 | Tetraphenyltin 1.0 3/20 | 4/11 | 5 None 
1860 LS 1010 | 4/22 Triphenyltin chloride 0.5 7/20 7/24 0 | Died 
1974 M 490 4/11 | Triphenyltin chloride 1.0 5/23 5/24 0 | Died 
RI 1,055 3/22 | Stannous tartrate 1.0 1/10 4/24 10 | None 
7M 1,020 2/13 | Stannous tartrate 1.0 3/20 4/4 0 None 
RI 1,065 3/22 Stannous tartrate 2.0 4/10 4/24 5 Lost weight 
| RI 1,140 3/22 | Stannous tartrate } 3.0 4/10 4/24 5 | Lost weight 
1M 410 4/l1l Tin oleate 0.5 5/23 6/6 0 None 
727 M 395 4/22 Tin oleate 1.0 5/23 6/6 0 None 
7M 385 4/11 Tin oleate 1.5 5/23 6/6 2 | None 
12'5 RI 645 9/13 Tin oleate 2.0 10/4 10/6 0 Died 
iM 1,105 2/13 =| Tin oleate 2.0 3/20 4/4 0 Lost weight 
M | 371 | 4/11 | Tin oleate 2.0 5/23 6/6 0 None 
>RI 988 3/3 | Tin oleate 2.0 4/10 4/24 2 | None 
M | 410 | 4/23 | Tin oleate 3.5 5/23 6/6 1 | None 
RI| 1,115 | 3/22 | Tin oleate om Y. 4/17 5/1 0 None 
RI 825 | 3/22 | Tin oleate | 3.0 4/10 /24 4 | Lost weight 
tM | 450 | 4/23 | Tin oleate 3.0 5/23 6/6 0 None 
[ 340 4/11 | Tin oleate 3.2 4/28 5/12 ) Toxic 
L | 1,045 | 4/22 Stannous oxalate 0.5 8/21 9/4 7 | Lost weight 
LS 809 4/22 Stannous oxalate 1.0 7/20 8/3 } 0 | Lost weight 
(1940) (1940) (1940) 
RI 645 1/12 Stannous oxalate 0.2 2/12 2/26 1 Lost weight 
RI | 435 | 1/12 | Stannous oxalate | 0.4 2/12 } 2/26 0 Lost weight 
RI | 630 1/12 | Stannous oxalate 0.6 2/12 2/26 3 | None 
RI 670 1/12 | Stannous oxalate 0.8 2/12 | 2/26 1 Lost weight 
RI 615 1/12 Stannous oxalate 1.0 | 2/12 2/26 0 Lost weight 
These birds were infected with twelve cysticercoids each. 
sreeds are indicated by letters following the band number: L—Leghorn, M—Mixed, RI—Rhode 
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TABLE Ill—Effects of Various Mixtures Containing Tin Compounds on Experimental Infections of Railli: tj 
Cesticillus in Chickens* 


BAND TAPEWORMS 
No Weicut Date or Dose DATE OF DATE OF RecoveRED | Erre 
AND Gm.) | Inrection DruGc Emp.Loyep (Ga TREATMENT Necropsy |At Necropsy | TREAT) 
Breept (1939) (1939) (1939) (No.) on H 
239 RI 735 3/3 Stannous chloride 1.0 3/28 +/11 1 | Lost w 
Aluminum hydroside 20 
1941 M 390 4/11 Stannous chloride 0.25 5/4 3/5 0 | Died 
Synthetic pelletierine HCI 0.125 
931 M 365 1/11 Stannous chloride 0.1 5/9 5/23 0 | Toxie 
Synthetic pelletierine HCI 0.1 
1972 M 400 4/11 Stannous chloride 0.2 5/9 5/23 0 | Lost w 
Synthetic pelletierine HCI 0.15 } 
1725 L 925 4/22 Stannous chloride 0.3 8/21 9/4 0 None 
Synthetic pelletierine HCI 0.15 
128 RI 675 3/3 Stannous oxide hydrate 20 3/28 4/11 0 | None 
Aluminum hydroxide 2.0 | 
275 RI 713 3/22 Stannous oxide hydrate 0.5 4/10 $/24 1 | None 
Synthetic pelletierine HCI 0. 125 
163 RI SSO 3/22 Stannous oxide hydrate 1.0 4/10 4/24 2 | None 
Synthetic pelletierine HCI 0.1 
1714 I 1,029 4/22 Stannous oxide hydrate 1.0 §/21 9/4 2 | None 
Synthetic pelletierine HCl 0.15 | 
1949 M 100 $/11 Stannous oxide hydrate 1.0 5/4 5/18 0 None 
Synthetic pelletierine HCl 0.25 
175 RI 990 3/22 Stannous oxide hydrate 1.0 4/10 4/24 0 | None 
Synthetic pelletierine HCl 0 25 
138 RI 1,360 3/22 Stannous oxide hydrate 2.0 4/24 5/8 0 | Lost weig 
Synthetic pelletierine HCI 0.5 
383 M 393 3/11 Tin oleate 2.0 5/4 5/18 0 None 
Aluminum hydroxide 1.0 
1948 L 745 4/11 Tin oleate 20 8/31 9/13 0 | Lost weight 
Calcium arsenate 0.2 | 
3815 M 420 4/11 | Stannous tartrate 08 5/4 »/18 3 | Toxic 
Aluminum chloride 1.0 
Iso RI 655 3/3 Stannous tartrate 3.0 3/28 4/11 5 Lost weig! 
Aluminum hydroxide 20 
1938 M 155 4/11 Stannous tartrate 0.25 5/23 6/6 0 None 
Synthetic pelletierine HCI 0.1 
1926 M 358 4/11 Stannous tartrate 0.5 28 5/12 0 None 
Synthetic pelletierine HCl 0.2 } 
1935 M 170 4/11 Stannous tartrate 0.5 5/23 6/6 0 | Lost weig 
Synthetic pelletierine HCI 0.1 
1996 M 550 4/11 Stannous tartrate 0.5 5/23 6/6 0 | None 
Synthetic pelletierine HCl 0.2 | 
1967 M 1,065 4/11 stannous tartrate 1.0 8/14 8/28 0 | None 
Synthetic pelletierine HCI 02 
292 RI 1,095 3/22 Stannous tartrate 2.0 4/24 5/8 0 | Lost weigh 
Synthetic pelletierine HCI 05 
1940) (1940) (1940 
1546 RI 520 1/12 Stannous oxalate 02 2/i2 . 2/26 0 | None 
Synthetic pelletierine HCl 0.1 
1542 RI 575 1/12 Stannous oxalate 0.2 2/12 2/26 0 | None 
Synthetic pelletierine HCI 02 
1552 RI 580 1/12 Stannous oxalate 0.5 2/12 2/26 0 | Lost weight 
Synthetic pelletierine HCl 0.2 | 
1547 RI 602 1/12 Stannous oxalate 0.3 2/12 2/26 4 Lost weight 
Synthetic pelletierine HCl 0.15 


‘Breeds are indicated by letters following the 
Island Red. 
a fasting period of 18 hours. The details 
of these experiments appear in table VI. 

A comparison of the data relating to 
toxicity of the various medicaments and 
those relating to their efficacy suggest that 
the mixture of tin oleate with synthetic 
pelletierine hydrochloride is the most prom- 
ising preparation tested. On the basis of 
the limited data available it is impossible 
to form a definite opinion as to the thera- 
peutic index of this mixture, but it appears 
to be as high as 1:5, and it may possibly 
be as high as 1:10. Until data concerning 
the efficacy of this mixture for the removal 
of cestodes other than R. cesticillus from 
chickens are available, more accurate in- 


*These birds were infected with twelve cysticerc>ids each. 
band number: L—Leghorn, M—Mixed, RI—Rho 


formation on the therapeutic index 
deemed unnecessary. From table VI it 
be seen that two chickens (1197, 11 
withstood a dose of 10 Gm. of tin ol 
without deleterious effects. However 
Gm. of tin oleate combined with 1 Gm 
synthetic pelletierine hydrochloride 
fatal to two other chickens. It is proba 
therefore, that the synthetic pelletie: 
hydrochloride contributed to the toxicit 
the mixture. 


DISCUSSION 


It is evident from the data presente: 
tables I and II that inorganic and org: 
tin compounds are of slight value for 
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TIN PREPARATIONS FOR TAPEWORMS 


IV—Efficacy of Tin Compounds and of Tin Compounds Plus Synthetic Pelletierine Hydrochloride for 


the Removal of Raillietina Cesticillus from Experimentally Infected Chickens* 


No. oF | 


| Mean 


B DATE OF 
IRDS | INFECTION 
In Ex- |“ (1939) 
PERI- | 
MENT | 
- —| 
10 |5/17 18 
5 | 5/17 18 
10 |5/17 18 
10 | 5/17 18 
| 
5 |5/17 18] 
10 | 6/21 
10 | 6/21 
9 | 10/10 
9 | 10/10 
9 | 1/9 
9 | 10/9 
| | 
9 | 10/9 
10 | 11/3 
10 | 11/3 
(1940) 
10 |1 30 
10 |1/29 30 
10 |1/29 30 
| 10 |1/29 30 
| 10 | 29 30 
10 1/29 30 
| 10 | 3/14 15] 
10 | 3/14 15] 
10 13/14 
10 |3/14 15] 
| | 
10 |3/14 15 
10 3/1415 


*These birds were infected with 
All birds were necropsied 14 days after 


‘LE V—Efficacy of Stannous Tartrate Plus Synthetic Pelletierine Hydrochloride for the Removal of 


E 


50 cysticercoids each 
treatment. 


lepis Carioca from Experimentally Infected Chickens* 


MEAN) | IN Wercut | TAPEWORMS 
Dose} Date or |Weient at} During 4 | RECOVERED 
Drucs |(Gu. )|\TREATMENT| TIME OF Days AT 
|} (1939) |TreatTmMENT | | Necropsyt 
| (Gn.) | TREATMENT |(MEAN No.) 
} (Gm.) | 
Tin oleate | 2.5] 6/5 399.7 | 46.6 4.5 
Cc ontrols 405.2 86.7 26.8 
Stannous oxide hydrate 1.0 6/12 422 8 40.6 10.2 
Stannous tartrate | 0 3 426.9 | 66.2 6.2 
Pelletierine HCl | 0.07 6/12 
Controls | 445 59 2 24.2 
Stannous tartrate 10.8 | 1,166.0 97.4 2.0 
Pelletierine HCI 0.2 7/25 
Controls 1,078.8 157.8 18.6 
Stannous tartrate / 1.0} 11/21 1,384.8 81.8 22 
Pelletierine HCl 0.2 | 
Controls 1,350.8 112 12 3 
Tin oleate 12.5] 11/29 807.1 109.9 | 
Stannous tartrate 1.0/ 11/29 829.7 87.1 | 2.1 
Pelletierine HCl 0.2 | | 
Controls 802.9 132.5 | 11.7 
Stannous tartrate 0.5 | 12/6 477 .7 60.6 1.0 
Pelletierine HCl | 0.15 | 
| Controls 483.3 108 21.9 
(1940) 
Stannous tartrate |} 0.8 2/27 | 770.4 | 76.4 | 2.4 | 
Pelletierine HCl 10.2 | 
Tin oleate 12.0} 2/27 747.2 | 92 1.0 
Pelletierine HCl 0.2 
Stannous oxalate 0.5 | 2/27 778.3 | 76.9 } 0.9 
Pelletierine HCl 0.2 | | 
Stannous oxide hydrate | 0.5 2/27 765 5 7.2 | 14 | 
Pelletierine HC! 02 | 
Metallic tin (powdered) | 1.0 2/27 =| 748.5 | 95.7 5.7 
Pelletierine HCl } 0.2 | 
Controls 778.8 72 | 30.0 
Tin oleate me} 26 
Pelletierine HCl | 0.2 | | 
Tin oleate 11.0] 4/9 768 .4 100 .2 | 3.5 
Pelletierine HCI 0.1 | | 
Stannous oxalate 0.5 | 4/9 801.6 42.8 0.8 
Pelletierine HCI 0.2 
Stannous oxalate | 0.25 4/9 > ee 110.5 5.7 
Pelletierine HCl | 0.1 
Stannous oxide hydrate | 0.4 | 4/9 794.3 | 6.2 =| 5.0 
Pelletierine HCl 0.1 
Controls 89.4 | 71 22.0 


EFricacy 

TREATMENT 

(Per Cent) 


89 


99 8&2 


92.0 


96 66 


8818 
84.09 
96 36 


74 09 


Hymeno- 


No. 0 


Brrps IN 
EXPERI- 


MENT 


oor _ 
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‘hese birds were infected with weesensiiaiiie 1,000 cysticercoids each. 


F | 


DATE OF 
TREAT- 
MENT 
(1940) 


| MEAN GAIN 


| MEAN | in WEIGHT 

| Dose | Weicutat | Durinea 4 DATE OF 

Drvucs Employed | (Gy.) | Timeor | Days | NECROPSY 
TREATMENT | FoLtowinG| (1940) 

(GM.) | TREATMENT | 

(Gm.) 
Btanncus ¢ tartrate e| 1 0 907 5 20 2/13 
Pelletierine HCl] | 0.2 | 
Controls & | 1/30 
Stannous tartrate | 0.5 1,063 5 | 94 2/23 
Pelletierine HC] | O.1 | | 
Controls | 


| 


| TAPEWORMS 
RECOVERED 
AT 
NECROPSY 
(Mean No.) | 


0.75 
532.6 


7.6 


917.0 


EFFIcacy 
oF 
TREATMENT 
(Per Cent) 


113 
a 
83 .2 
57 85 
74 38 
32 38 
80 67 
95 43 
97.0 
95 33 
81.0 
I 
~f 
| 
| 
Ix. | | 
} 
| 
€ - 
1/30 | 99 8&5 
| 3/8 = 99.17 | 
12 
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TABLE Vi—Effects on Young Chickens of Large Doses of Tin Compounds and of Tin Compounds Plus yn. 
thetic Pelletierine Hydrochloride 


TREATMENT 


BAND WEIGHT | —— RESULTS 
No (Gm.) SUBSTANCE | Dose (Gm.) 
1589 1,010 Stannous tartrate 2.0 | Reduced appetite for one day 
Pelletierine HCl 04 : 
1647 1,355 ee — } 2.0 } — inappetence and incoordination of leg movements lastin 
*elletierine HCl | 0.4 day 
1559 1,172 | 3.0 inappetence and incoordination of leg movements lasting on: 
| ~elletierine HCl 0.6 day 
1618 | 1,260 Stannous tartrate 3.0 Partial inappetence and reluctance to move for one day 
Pelletierine HCl 0.6 
1551 | = 1,260 Stannous tartrate 3.5 Appetite reduced for two days; legs paralyzed on third day; recovery 
| Pelletierine HCl 0.7 complete by fourth day 
1683 1,230 | Stannous tartrate 3 5 Appetite reduced for two days; some leg weakness and incoordinatio: 
Pelletierine HCl 0.7 on third day; recovery complete by fourth day 
1108 930 wen oumiete 1.75 — inappetence and incoordination of leg movements lasting ty 
| elletierine HCl 0.5 days 
1159 1,240 | Stannous oxalate 1.75 Slight incoordination lasting one day 
| Pelletierine HCl 0.5 
1144 | 1,100 Stannous oxalate 3.5 Partial inappetence and incoordination on first day; complete paralysis 
Pelletierine HCl 1.0 on second and third days; died on fourth day; catarrhal enteritis at 
| necropsy 
1102 | 1,120 | Stannous oxalate 3.5 Slight incoordination on first day; dead on second day; catarrhal hemor 
| Pelletierine HCl 1.0 _rhagic enteritis at necropsy 
1191 | 1,060 | Stannous oxalate 3.5 No symptoms of intoxication 
1074 | 970 | Stannous oxalate 3.5 Slight inappetence lasting until death on fourth day; catarrhal enteritis 
at necropsy 
1113 1,142 | Tin oleate 5.0 No symptoms of intoxication 
| Pelletierine HCl 0.5 
1041 | 1,380 Tin oleate 5.0 No symptoms of intoxication 
| | Pelletierine HCl 0.5 oe 
1153 | 1010 | Tin oleate 10.0 Slight leg weakness on first day; paralyzed on second; died on third 
te | Pelletierine HCI 1.0 severe cartarrhal enteritis at necropsy : 
1147 980 | oleate 10.0 first second days; paralysis on third day; died or 
elletierine y 1.0 fourth day; hemorrhazic-catarrhal enteritis at necropsy 
1197 925 Tin oleate 10.0 No symptoms of intoxication noted ; eta, 
1132 1,100 | Tin oleate 10.0 No symptoms of intoxication noted 


removal of R. cesticillus from experiment- 
ally infected chickens. By adding small 
amounts of synthetic pelletierine hydro- 
chloride to any one of various tin com- 
pounds, a mixture was obtained which 
effectively removed R. cesticillus and H. 
carioca from experimentally infected 
chickens, as indicated by the data included 
in tables I, II, IV and V. Synthetic pel- 
letierine hydrochloride administered in 
doses of .05 to 0.38 Gm. proved effective for 
the removal of R. tetragona,' but when used 
alone this substance proved quite ineffective 
for the removal of R. cesticillus from 
chickens. Obviously, a synergistic action 
was obtained by administering the tin com- 
pounds and the synthetic pelletierine to- 
gether, since each was weakly taeniacidal 
when used alone. This result is contrary 
to a common view that a mixture of two 
anthelmintics is less effective than the pure 
substances used separately. At present no 
explanation, supported by adequate data, 
can be advanced that would account for the 
increased taeniacidal value of the mixtures 
under consideration. 

It may be noted that the habitat of each 


of the three species of tapeworms discussed 
in this paper is in a different part of the 
intestinal tract, and that the species also 
differ in other respects, such as size and 
relative depth at which the scolex is at- 
tached in the intestinal wall. H. carioca 
occurs in the duodenum where the villi are 
very long; the strobila is delicate and 
usually a good part of it is interlaced 
among the villi, and the scolex is very 
deeply buried, occurring at or near the 
bottom of the crypts of Lieberkuhn. BR. 
cesticillus occurs in the jejunum, the coarse 
strobila lying free in the intestinal lumen 
and the scolex being less deeply embedded 
among the villa than is the case with H. 
carioca, R. tetragona,* which occurs in the 
ileum, also has a coarse strobila, but the 
scolex of this tapeworm is attached very 
superficially. Since tin-pelletierine mixtures 
~ *The ‘question arose as to whether synthetic 
pelletierine hydrochloride mixed with a tin m- 
pound retained its efficacy for the remova' ol 
R. tetragona. A naturally infected bird weig \ing 
1,435 Gm. was treated with a mixture of 1 Gn. ol 
stannous tartrate and 0.2 Gm. of synthetic p lle- 
tierine hydrochloride. A _ total of 136 com; ete 
specimens of R. tetragona were passed subseq ent 


to treatment. At necropsy two weeks after tr at- 
ment no tapeworms of this species were present 
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ha. proved effective for the removal of 
t] tapeworms, it is possible that these 
mi: ures will prove equally effective against 
the other species of tapeworms encountered 
in hickens. Naturally, this point will have 

» verified by controlled tests. 

ne limited information which is avail- 
able at the present time suggests the possi- 
bility that tin preparations may be effective 
against other species of tapeworms occur- 
ring in domestic animals. This seems rea- 
sonable, since metallic tin was used in the 
past with some degree of success against 
the tapeworms of man* and Lepinay® has 
indicated that treatment with pure oxide 
of tin removed several taenioid scolices 
from dogs. 

While these investigations were in prog- 
ress, the authors were consulted by Mr. 
J. B. Fox of Washington, D. C., in regard 
to an effective taeniacide for use in a duck 
hawk (Falco peregrinus anatum) which 
was in poor condition. It was suggested 
that he try a mixture of stannous tartrate 
and synthetic pelletierine hydrochloride, 
which actually proved to be effective al- 
though somewhat toxic.t Mr. Fox reported 
that following treatment the bird gained 
weight and improved in general condition. 

These limited data suggest that tin soaps 
mixed with synthetic pelletierine may prove 
useful for the removal of tapeworms from 
a variety of hosts. 


SUMMARY AND CONCLUSIONS 


The tests herein reported show that in- 
organic and organic tin compounds are of 


‘ecently an editorial, “Tin, Tapeworms, and 
Tush,” appeared in The Journal of the American 
Vevical Association” in which the author ridiculed 
tl lea that tin preparations might prove of value 

ieniacides in man. Apparently the author of 

editorial was not familiar with much of the 
nf rmation contained in the literature, which in- 
dic tes that tin may be approximately as effective 
is ome of the widely used remedies, and possibly 

less dangerous. 

few hours after a mixture of 0.5 Gm. of 
sta nous tartrate and 0.1 Gm. of synthetic pelle- 

e hydrochloride was given to the hawk, eight 

lete tapeworms of the species Cladotaenia foxi 


Mec’ tosh, 1940 (Proc. Helminth. Soc. Wash., vii 
(2). pp. 71-74) were eliminated. According to Mr. 
Fox the treatment was relatively severe and the 
bird was off feed for one day. Possibly a smaller 
dos’ would have been as effective and less toxic. 


Wi ut our advice a dose of .75 Gm. of stannous 
art ite and .15 Gm. of synthetic pelletierine was 
give to a second hawk, which died in a few hours. 
At cropsy one specimen of C. foxi was present. 
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slight value for the removal of tapeworms 
from experimentally infected chickens. 
Mixtures containing a small amount of syn- 
thetic pelletierine hydrochloride and one of 
the following tin compounds, namely, tin 
oleate, stannous oxalate, stannous oxide 
hydrate or stannous tartrate effectively re- 
moved Raillietina cesticillus from chickens 
infected with 50 cysticercoids each. Mix- 
tures of 0.3 to 1 Gm. of stannous tartrate 
and .07 to 0.2 Gm. of synthetic pelletierine 
hydrochloride were administered to 58 
birds with an average indicated efficacy of 
86.8 per cent. A mixture of synthetic pel- 
letierine hydrochloride and stannous tar- 
trate was better than 95 per cent effective 
for the removal of Hymenolepis carioca 
from nine chickens which had been experi- 
mentally infected with 1,000 cysticercoids 
each. Available information suggests that 
the therapeutic index is high enough to 
offer a sufficiently wide margin of safety 
for these mixtures. Accordingly, further 
work seems justified to determine the most 
effective and economical of these mixtures 
for use in chickens. 
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Tentative Pathologic Nomenclature 


for the Disease and/or the Disease Complex Variously Designated as 
Fowl Leucemia, Fowl Leucosis, Range Paralysis, Fowl Paralysis, Iritis, Lymphomatosis, Lymphocytoma, Neuro- 
lymphomatosis, Leucotic Tumors, Leucemoid Diseases, etc.* 


AVIAN LEUCOSIS COMPLEX 


(neural! 

visceral? 

ocular! 
osteopetrotic® 


1) Lymphomatosis- 


erythroblastic* 


9 is i 
2) Leucosis granuloblastic* 


It is understood that the various forms 
may be characterized by aleucemic, sub- 


*Adopted by a conference of investigators in this 
field (July 15-17, 1940, at East Lansing, Mich.) 
with the object of facilitating uniformity in term- 
inology and interpretation of data. This scheme 
does not imply classification on a basis of etiology. 
Submitted by Erwin Jungherr, D.M.V., chairman of 
the Pathology Committee, Experiment Station Col- 
laborators of the U. S. Regional Poultry Research 
Laboratory, East Lansing, Mich. 


leucemic, or leucemic blood pictures and 
should be further classified on this basis. 
Each pathologic form occurring in a speci- 
men should be noted. 


OTHER TUMORS 


Myelocytoma 
Sarcoma 
Ete. 
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The Use of Trypaflavin in the Infusion Therapy for 


Streptococcic Mastitis” 


O. W. SCHALM, D.V.M., M.S., Ph.D. 
Berkeley, Calif. 


I’ A PREVIOUS paper,! the writer presented 
his results with the acridine - containing 
compound, entozon,t in the treatment of 
streptococcic mastitis by udder infusion. 
The interest shown by the profession in 
this method of treatment of mastitis has 
prompted the writer to prepare this pre- 
liminary report of results with trypaflavin, 
a brand of acriflavine. 


REVIEW OF STECK’S EXPERIMENTS 


Literature pertaining to the use of the 
acridines, rivanol, uberasan and entozon, 
for mastitis was reviewed in the previous 
paper!; however, the investigations of 
Steck of Switzerland were mentioned only 
briefly and, therefore, a review of his work 
will be presented in order that practition- 
ers in America may become familiar with 
his promising method for the treatment of 
streptococcic mastitis. 


In 1929, when criticism of the acridine-in- 
fusion therapy for mastitis had reached its 
peak, Steck? **" began a thorough study of 
this problem. He compared rivanol, uberasan, 
entozon and trypaflavin with regard to their 
lethal effects upon Streptococcus agalactiae and 
leir irritating properties on the udder tissues. 

*From the Division of Veterinary Science, Uni- 

sity of California; assistance in the preparation 

this report was furnished by the personnel of 
\\PA Project O.P. No. 665-08-3-29. 

Entozon is manufactured by the I. G. Farben 

lustry of Germany and is not available at the 

sent time in this country. 

Schalm, O. W.: The treatment of streptococcic 

istitis by infusion of the udder with entozon. 

\.V.M.A., xevii (July 1940), pp. 20-27. 

Steck, W.: The control of Streptococcus agalac- 

e mastitis. Proc. 12th Int. Vet. Cong., ii (1934), 

494-505. 

Ibid.: A new method for the eradication of Strep- 

occeus agalactiae mastitis in a herd. Cornell Vet., 

(1935), pp. 1-5. 

Ibid.: An experimental comparison of different 

idine derivatives for the treatment of mastitis 

tle trans.) Schweiz. Arch. Tierheilk., Ixxvi 

'34), pp. 559-569. 

Ibid: A method for the eradication of mastitis 

infected herds. (Title trans.) Schweiz. Arch. 

rheilk., Ixxvi (1934), pp. 504-509. 

Ibid.: Radical control of mastitis during lacta- 

by means of acridine-therapy. (Title trans.) 
.weiz. Arch. Tierheilk., Ixxix (1937), pp. i-20. 


He found that in concentrations having equal 
irritative action, trypaflavin was approximately 
five times more lethal for the streptococci in 
fresh secretions obtained from infected cows 
than either rivanol or entozon, and approxi- 
mately three times more so than uberasan. 
These observations led him to use trypaflavin 
in his further studies of the infusion therapy. 

During the course of his investigations, 
Steck*:* came to the conclusion that the prin- 
cipal foci of infection with the mastitis strep- 
tococci are in the gland cistern and large ducts, 
rather than in remote areas of the parenchyma 
and that, therefore, a more efficient steriliza- 
tion should result from treating the cistern 
regicn more intensively than the parenchyma. 
To accomplish this he developed his so-called 
method I, in which the cistern and large ducts 
are exposed to a solution of trypaflavin, ap- 
proximately nine times stronger than that in- 
fused into the parenchyma. The technic is as 
follows: 12 cc. of a 1 per cent trypaflavin 
solution is added to 1,750 cc. of sterile water, 
giving approximately a 1:14,000 dilution; 250 
ec. of this dilute solution is infused into the 
milked-out quarter as a preliminary rinse. 
After a light massage, this is milked out and 
replaced by 1,100 cc. of the dilute sclution, 
which leaves 400 ce. in the container. With- 
out removing the needle, 22 cc. of the 1 per 
cent stock solution is added to the remaining 
400 cc., giving a final concentration of trypa- 
flavin of 1:1,600, for infusion into the cistern. 
Two minutes after the injections are completed, 
500 cc. if possible, but not more, should be 
milked out. 

Of 175 quarters treated by method I,° 131, 
or 75 per cent, were cured by a single treat- 
ment. The average milk reduction, estimated 
ten days after infusion, was 20 per cent. While 
in some instances the permanent reduction of 
secretion was negligible, in others it was much 
higher than the average. Steck attributed this 
to the fact that frequently, due to the marked 
ability of the udder tissues to retain infused 
fluids, it was not possible to regain the 400 
ec. of concentrated trypaflavin solution infused 
last. 

Following a series of experiments designed 
to increase the volume of regainable fluid, 
method II’ was evolved. This method differed 

Ibid.: A guide to the treatment of 


(Title trans.) Schweiz. Arch. Tierheilk., 
(1936), pp. 42-46. 
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from the first only in that sucrose was added 
to the concentrated solution infused Jast. The 
writer has failed to find in Steck’s many papers 
on the infusion therapy a statement of the 
actual concentration of sucrose employed. 
However, in one publication’ a table is given 
which shows the effect of 20 and 40 per cent 
dextrose and 20 per cent sucrose upon the re- 
gainable fluid. From this it may be presumed 
that 20 per cent sucrose is the concentration 
used. Method II was reported to be as efficient 
as method I in sterilizing the udder, while the 
reduction of secretion was somewhat less, 
averaging 18 per cent. 

Eventually Steck dispensed with infusion of 
the parenchyma and gave only an amount of 
highly concentrated trypaflavin-sucrose solution 
sufficient to fill the cistern region. This he 
called his method III.** 

By the end of 1938, method III had been 
used on 5,000 infected quarters, producing 75 
per cent cures by one infusion and 90 per cent 
by two treatments, with the milk loss negligi- 
ble. Briefly, method III is as follows: 200 cc 
of a dilute solution of trypaflavin (presum- 
ably 1:14,000) is infused into the milked-out 
quarter, followed by infusion of 200 cc. of con- 
centrated trypaflavin (over .07 per cent) in a 
hypertonic sucrose solution (presumably 20 
per cent). After a short, light massage, milk 
out the infused fluid into a graduated con- 
tainer. A second infusion of concentrated 
trypaflavin-sucrose solution is made, a volume 
being used equal to the amount regained from 
the first infusion plus 50 cc., but never more 
than 400 cc. should be given. Steck states that 
this method may be employed at any time 
during lactation and it may be used on the 
dry udder providing the gland has not started 
to prepare for its next lactation. Ten to 14 
days after treatment, samples should be taken 
and if streptococci are still present, a second 
treatment should be given; if this fails to cure, 


a third treatment should be administered, 
which should include two separate injections 
of the 400 cc. of concentrated trypaflavin- 


sucrose solution. 


EXPERIMENTAL PROCEDURE 


The acridine derivative used in the ex- 
‘periments reported below was trypaflavin,* 

*Obtained from the Winthrop Chemical Company. 

SIbid.: Treatment of the milk cistern with zyster- 
nal. A new method to cure mastitis infection dur- 
ing lactation. (Title trans.) Schweiz. Arch. Tier- 
heilk., Ixxviii (1936), pp. 470-472. 

*‘Tbid.: The treatment of mastitis with trypaflavin. 
(Title trans.) Arch. Wiss. u. Prakt. Tierheilk., 
Ixxiii (1938), pp. 360-361. 

“Ibid.: A system to eradicate Streptococcus 
agalactiae mastitis from the milk cow based on 
bacteriological diagnosis and intensive treatment of 
the cistern zysternal. (Title trans.) Verlag Paul 
Haupt, Bern-Leipzig. 


a brand of acriflavine. Trypaflavin ccr- 
responds to neutral acriflavine or acri- 
flavine base of the United States Pharma- 
copoeia.'' Chemically it is a mixture of 
2, 8 diamino- 10-methylacridinium chloride 
and 2, 8 diamino-acridine. It is a brown- 
ish-red, crystalline powder which is soluble 
in water. Solutions can be sterilized by 
autoclaving without decomposition, but 
they are sensitive to light and, therefore, 
should be kept in amber bottles. 

Infusion Apparatus and Infusion Tech- 
nic.—The method employed at the Cali- 
fornia Station in giving the infusion and 
the apparatus used were the same as pre- 
viously described by the writer.' The 
infusion fluid was always made up at the 
dairy immediately prior to use. Boiled, 
filtered tap water was used as a solvent for 
the trypaflavin and, whenever possible, was 
heated to between 30 and 35° C. before 
use; however, at times it was not conveni- 
ent to do this, and it had to be infused at 
a temperature of approximately 22° C. 
Since no ill effects were observed that could 
be attributed to the temperature of the 
fluid, it may be assumed that a warm in- 
fusion fluid is not essential. 

Mastitis Diagnosis.—Four tests for the 
detection of mastitis were employed 
throughout this study. The strip-cup test 
and brom-cresol-purple (BCP) paper test 
for pH were used on the fore milk, after 
which the teats were washed with a chlo- 
rine solution and approximately 20 cc. of 
milk was collected*in sterile test tubes 
for bacteriologic study. The milked-out 
quarters were palpated for fibrosis and the 
individual quarters were classified in a 
manner similar to that described by 
Udall.!2, Palpation numbers of 1, 2, 3 and 
4 were used. Quarters classified as num- 
ber 1 were regarded as normal; tho 
classified as number 2 exhibited a distin 
but not extensive firmness of the ciste! 
area and were regarded as_ suspiciou 
those classified as number 3 showed u 
questionable and fairly extensive fibrosi , 


= 


"Personal communication from Dr. Charles 
Fanslau of the Winthrop Chemical Company. 

"Udall, D. H., Johnson, S. D., and Ferguson, . 
The control of mastitis in New York State. V: 
Rece., 1 (1938), pp. 1417-1932. 
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ally limited to the lower half of the 
ier; while quarters classified as num- 
4 showed a marked firmness through- 

In some instances this firmness was 

duced by swelling of the quarter as a 

ult of an acute inflammatory reaction, 

t in most cases it represented an ex- 

isive fibrosis of long standing. 

For the bacteriologic investigations, 1 

of a 1:100 dilution of milk was plated 
with veal infusion agar containing from 5 
to 7 per cent horse or ox blood and incu- 
bated at 37° C. for 48 hours. The re- 
mainder of the whole milk was incubated 
overnight, after which smears were pre- 
pared by the Broadhurst-Paley'* method 
for microscopic examination. Colonies sus- 
pected of being streptococci were fished 
from plates corresponding to smears of in- 
cubated milk in which streptococci were 
found. Gram-stained smears were pre- 
pared from these cultures after overnight 
incubation and were examined microscopic- 
ally for morphology and purity. Cultures 
proving to be streptococci were transferred 
to essential differential media for classi- 
fication. The isolation of S. agalactiae, S. 
uberis or S. dysgalactiae was considered as 
a diagnosis of infection and the quarter 
was treated. 

All treated cows were sampled weekly 
for bacteriologic study for at least one 
month after treatment, and then monthly 
thereafter as long as they were kept in the 
herd, with the exception that during the 
dry period testing was done less frequently. 
\ cow was considered cured if the species 
of streptococcus isolated prior to treat- 
ment was not found again during the cur- 
rent lactation period or, in the cases of 
cows treated while being dried up, during 
toeir subsequent lactation period. The 
i olation of streptococci of a different spe- 
c es from that found prior to treatment or 
te isolation of the same species again in 
s bsequent lactation periods was regarded 
a a reinfection of a cured case. However, 
t’ reduce the occurrence of reinfection, 


( 


‘Broadhurst, J., and Paley, C.: A single-dip stain 
fo> the direct examination of milk. J.A.V.M.A., 
XC Vv (May 1939), pp. 525-526. 
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treated cows were kept segregated from 
known-infected animals in the herd. 


RESULTS WITH AQUEOUS 
SOLUTIONS OF TRYPAFLAVIN 


In the preliminary trials with trypa- 
flavin, a 1:4,000 aqueous solution was used 
on twelve cows having a total of 29 in- 
fected quarters, 28 of which were shedding 
S. agalactiae and one, S. dysgalactiae. In 
three of the cows only the quarters proved 
to be shedding streptococci were infused, 
while with the remaining nine animals, all 
quarters were treated. 

The method of treatment was as fol- 
lows: 200 ce. of a 1:4,000 trypaflavin solu- 
tion was infused into the milked-out quar- 
ters as a preliminary rinse; after a short, 
light massage, this was milked out and 
replaced by the principal infusion, the 
volume of which varied between 800 and 
1,500 cce., depending upon the capacity of 
the quarter. Eight cows were lactating 
when treated and with them the principal 
infusion was left in the udder for periods 
of time varying between 15 minutes and 
three hours. In milking out the infusion 
fluid, usually not more than 100 to 150 ce. 
could be regained, the remainder being re- 
tained by the tissues. Four cows were 
being dried up when treated. With one 
of these the principal infusion was left in 
for one hour in the first treatment and 
for three hours in a repeat treatment. 
With two cows the principal infusion was 
left in overnight and with one animal it 
was not milked out again. One week after 
the treatment was given, the cows were 
sampled and if streptococci were still pres- 
ent, a second infusion was made two weeks 
after the first; if a third was necessary, 
it was administered four weeks after the 
first. The histories of the cows, method 
of treatment and results obtained are pre- 
sented in table I. 

Since the infusions were continued until 
streptococci were no longer found in the 
udder secretion, it may be assumed that a 
100 per cent eradication of infection was 
obtained. However, this success was over- 
shadowed by the excessivé irritation which 
accompanied the infusions and which led 
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TABLE I|—Results Obtained with a 1:4,000 Aqueous Solution of Trypaflavin in the Treatment of Strepio. 
coccic Mastitis 


MetHop or TREATMENT RESULTS 
APPROX. NUMBER 
Cow |Mos.| Dura- : WEEKLY NUMBER ; 
No. | oF | TION oF | Num- Num- VOLUME TEstTs QvuaRTERS | NUMBER CONCLUSIONS 
Lact.| INFEC- | BER OF BER Times oF Prin-| Hours) AFTER OBLITER- | QUARTERS 
TION INFEcT.|Quart. |Treat- Lert TREAT- ATED BY PARTIALLY 
(Mos.) | Quar- | TREAT- ED FUSION In (MENT NeG-| TREAT- DAMAGED 
TERS ED (cc. ) ATIVE FOR MENT 
STREP. 
23 1 3 3 4 l 800 l 26 0 0 Satisfactory cure 
24 1 9 2 2 1 1,200 lg 4f l 0 Cured, but one quarter 
| | damaged 
25 1 3 2 4 3 800to | 2 22t l l Cured, but two quarters 
1,500 damaged 
ah 1 4 4 3 800 to 2,2 16+ 0 2 Cured, but two quarters 
1,500 and 3 damaged 
27 l 10 2 4 l 1,200 1% 14t 1 0 Cured, but one quarter 
damaged 
28 1 11 1 1 1 1,000 V4 2 0 0 Satisfactory cure 
9 1 9 2 2 l 1,000 14 16 0 2 Cured, but two quarters 
damaged 
30 2 | 3 1 4 l 1,000 l 24 0 0 Satisfactory cure 
31 | Being 7 4 4 2 800 1,2 5t 2 2 Severe damage to all quar- 
dried and 3 ters 
32 | Being 24 3 4 3 600 to | 0 N* 4f 2 l Severe damage to 3 quar- 
dried 1,500 ters 
33 | Being 12 2 t l 800 0 N* St 2 2 Severe damage to all quar- 
dried ters 
34 | Being 3 4 4 1 1,000 to| One 30 0 0 Satisfactory cure 
dried | | 1,500 | week | 
*O N=Overnight. ‘Cow sold because of damaged udder. tCow sold shortly after freshening 


to permanent damage of one or more quar- 
ters of eight of the twelve cows. The 
severest injury occurred among the cows 
treated at the end of their lactation peri- 
ods. Three of them, Nos. 31, 32 and 33, 
treated two, three and one times, respec- 
tively, during their sixth month of gesta- 
tion, exhibited marked udder damage. At 
calving, each cow had a_ well-developed, 
symmetrical udder, but in each case no 
milk could be obtained from two quarters 
and only a small quantity could be gotten 
from the remaining quarters. These cows 
were slaughtered and their udders were 
obtained for study. In each udder it was 
found that the parenchyma of all quarters 
was well developed but that the milk could 
not be removed because of a partial or 
complete obliteration of the lumens of the 
teats and large ducts by scar tissue. In 
contrast to these results are the observa- 
tions on cow 34, which was also treated at 
the end of her lactation period and in 


which the infusion fluid was not milked out 
again. This cow had exhibited bloody 
udder contents when sampled one week 
after treatment. When she calved three 
months later, there were no signs of udder 
damage and she has milked normally 
throughout the subsequent lactation period. 
Five of the eight cows treated during 
lactation developed visible udder damage 
following the infusion. In each of three 
cows, the teat lumen of one quarter became 
occluded by scar tissue, while five other 
quarters on three cows underwent partial 
atrophy. Out of a total of 41 quarters in- 
fused with a 1:4,000 aqueous solution of 
trypaflavin, 19, or 46.3 per cent, were 
visibly damaged. The trypaflavin was p- 
parently used in too high a concentrat on 
for the period that it was allowed to -e- 
main in the udder. Udall'+ has used a 
1:4,000 concentration for shorter interv ls 


“Udall, D. H.: The Practice of Veterinary M-di- 
cine (3rd ed., 1937). 
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Stableforth and Scorgie’ have re- 
ed favorable results with a 1:10,000 
entration left in the udder for five 
m:nutes. 
order to determine the proper con- 
ce. tration of trypaflavin and most favor- 
. time interval for it to be left in the 
.jder to obtain the most efficient steriliza- 
tion and at the same time produce the least 
tissue irritation, the following experiment 
was made: Three cows, Nos. 35, 36 and 37, 
which had been infected for 12, 24 and 6 
months, respectively, were selected for 
treatment. Cows 35 and 36 were shedding 
S. agalactiae from all quarters, while cow 
87 was infected with S. uberis in its LR* 
quarter and with S. agalactiae in the other 
three. The two right quarters of each 
cow were infused with a 1:10,000 concen- 
tration of aqueous trypaflavin, while the 
left quarters received a 1:4,000 concentra- 
tion. The volume of principal infusion 
giver. was just sufficient to fill out the 
quarter without stretching it too tensely, 
and it was left in cow 35 for five minutes; 
in cow 36, for ten minutes; and in cow 37, 
for 15 minutes. The histories of the 
cows, the method of treatment and the re- 
sults obtained are shown in table II. 

In these comparative tests, it was ob- 
served that the 1:10,000 concentration was 
as effective as the stronger one in remov- 
ing the streptococci and that it was much 
less irritating. With both concentrations 
four quarters were given one infusion, 
while one quarter required three and an- 
other four treatments to eradicate the in- 
fection. 

Vithin a few hours after infusion of 
the 1:4,000 concentration, the quarters 
were swollen and firm, while those receiv- 
ins the 1:10,000 concentration showed 
litle or no change. In both instances the 
mik was stained yellow for several days, 
vicible particles appeared in the foremilk 
an! it was alkaline to the BCP test. With 
qu rters receiving the weaker solution, the 
vis:ble particles were limited to the fore- 


‘F—right front; RR 
LI. =left rear. 

Stableforth, A. W., and Scorgie, N. J.: Entozon 
al acriflavine for the treatment of chronic con- 
tag Ous bovine mastitis. Vet. Rec., xlvi (1934), 


right rear; LF=left front; 


bp. 663-676, 


milk and disappeared again after seven to 
ten days, while with the quarters infused 
with the stronger solution, the particles 
were usually larger, frequently were found 
throughout the milk and persisted for ten 
days or longer. In three quarters, the LF 
ind LR of cow 35 and the LF of cow 36, 
the 1:4,000 concentration failed to destroy 
all of the streptococci on the first infusion, 
and this was followed by an acute flare-up 
of the infection. It appeared that the irri- 
tation produced by the infusion fluid so 
lowered the resistance of the tissues that 
the surviving streptococci were able to de- 
velop unhampered. The inflammation re- 
sulting in the LF of cow 35 was so severe 
that it was impossible to infuse fluid for 
another treatment; when the swelling sub- 
sided, the teat had become occluded by scar 
tissue. The LR of cow 35 also developed 
a persistent swelling which was associated 
with shedding of large numbers of S. 
agalactiae. Three treatments were given 
before a cure was produced. 

In the second and third infusions a 
1:10,000 concentration was used and it 
was left in for ten and 15 minutes, respec- 
tively. The LF of cow 36 developed a 
persistent swelling after the first infusion 
with the 1:4,000 concentration, and this 
Was accompanied by an increase in the 
number of both streptococci and micro- 
cocci in the milk. A total of four infusions 
of the 1:4,000 concentration was necessary 
to eliminate the streptococci from this 
quarter. This caused the development of a 
partial stricture of the teat lumen which 
became complete during the subsequent dry 
period. 

The effect of the treatment on milk pro- 
duction was studied. It was found that 
infusions with the 1:10,000 concentration 
were followed by a decrease in production 
varying from 0 to 18 per cent when one 
treatment was given, and between 12.5 and 
32 per cent when three or four infusions 
were necessary. With the quarters receiv- 
ing the 1:4,000 concentration, a decrease 
varying from 55 per cent followed one in- 
fusion, and when three or four treatments 
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wer necessary, the decrease in milk flow 
was between 65 and 85 per cent. 

, results of this experiment indicate 
tha. a 1:4,000 aqueous solution of trypa- 
fla, a, as used, is too irritating for safety 
eve when left in the udder for only five 
minutes. On the other hand, a 1:10,000 
concentration is as effective as the stronger 
solution in removing the _ streptococci, 
while it is much less irritating. It may be 
used with safety and left in the udder for 
from five to 15 minutes, depending upon 
the severity of the case. 


RESULTS WITH CONCENTRATED 
SUGAR-TRYPAFLAVIN SOLUTION 


In this phase of the investigation, an 
effort was made, at first, to follow Steck’s 
method III as closely as possible. It was 
soon found that the use of two separate 
concentrations of trypaflavin was time-con- 
suming and required additional vessels for 
preparation of the solutions. It was felt 
that if the method could be modified to save 
time and equipment without reducing the 
efficiency of the treatment in eradicating the 
infection, it would facilitate its application 
when a large number of quarters were to 
be treated. The initial infusion of a di- 
lute aqueous solution of trypaflavin, as 
used by Steck, was, therefore, dispensed 
with and only one solution, consisting of 
a 1:1,500 concentration of trypaflavin in a 
20 per cent sucrose solution, was employed. 
This was used as follows: 200 cc. was in- 
fused into the milked-out quarter as a pre- 
liminary rinse and, after a short, light 
massage, this was milked out and replaced 
by 100 ec. of principal infusion, which was 
left in for five minutes. Both the prelimi- 
nary and principal infusions were milked 
out into a graduated container and the 
mil’ ing was continued until a total of 600 
cc. Was regained or no more fluid was 
obt: nable. By massaging the quarter 
tow rd the teat while milking, the entire 
infu ed volume could be regained in 98 per 
cent of the cases. When a large number 


of q¢ arters were to be treated, milk bottles 
mar ed at the 600-cc. level were used into 
whica to milk the infused fluid. 


The infusion fluid for the modified-Steck 
method was prepared as follows: 0.4 Gm. 
of trypaflavin was dissolved in 450 cc. of 
boiled, filtered tap water, after which 150 
cc. of a highly concentrated sugar solution 
was added to bring the total volume to 600 
cc., the amount sufficient for treatment of 
one quarter. The concentrated sugar solu- 
tion was prepared in advance by dissolv- 
ing the sugar in hot water in the ratio of 
120 Gm. (4 oz.) of household sugar in 
water sufficient to give a volume of 150 
cc. of sugar solution. Several liters of 
stock solution were prepared at a time and 
bottled in amounts sufficient for treatment 
of one, four or more quarters. After bot- 
tling, the sugar solution was placed in a 
steam bath, at a temperature of 100° C., 
for one-half hour. 

The modified-Steck method was used in 
a herd of Jersey and Jersey-Holstein cross- 
bred cows, which will be referred to as 
herd H. The breeding program in this 
herd was such that the majority of cows 
freshened during the months of October 
and November. At the time of calving, a 
number of cows showed symptoms of acute 
mastitis, after which the disease appeared 
to spread rapidly to other cows. In several 
cases the symptoms were so severe that 
the owner deliberately dried the cows up 
after only one or two months of lactation. 
In February a preliminary survey of the 
herd revealed that 45 out of 77 cows were 
shedding S. agalactiae from one or more 
quarters. At this time 30 of the infected 
animals were lactating, while 15 were dry. 
The herd was visited once a week from 
March to June, inclusive, and once a month 
thereafter. All of the lactating and two 
of the dry cows were treated by the modi- 
fied-Steck method. Only the infected quar- 
ters were infused, of which there were 48 
lactating and 7 dry. The 13 remaining 
dry cows were treated with a 1:10,000 
aqueous solution of trypaflavin, which was 
left in the udder overnight. The data on 
the latter animals will be presented at an- 
other time. 

No animals were eliminated from the 
herd prior to treatment; thus, all infected 
quarters were treated, regardless of the 
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TABLE |ll—Results with a Concentrated Sugar-Trypaflavin Solution in the Eradication of S. Agalactia: by 


I ALPA s NUMBER OF QUARTERS NUMBER OF 
TION | NUMBER FROM WHICH QUARTERS 
SCORE OF S. AGALACTIAE Was Not Curep 
Qt ERADICATED BY BY 3 
BEAT TERS ONE Two THREE INFUSIONS 
MENT Enyustons 
l t 4 0 0 0 
2 11 8 3 0 0 
3 20 15 3 0 2 
4 20 11 6 l 2 
Totals 55 38 12 l 4 


*B 3efore treatment; A—after treatment. 


*No change 


pliable after treatment than before; Injured=quarter 
ment. 

severity of the infection. The infected 
animals were segregated from the _ re- 
mainder of the herd until pronounced 
cured. During the course of treatment 


the milking machines and milkers’ hands 
were dipped in chlorine between the milk- 
ing of cows in both the clean and infected 
groups. The udders were of small to me- 
dium size, and it was found in a number 
of instances that the 400 cc. of principal 
infusion distended the quarter quite 
tensely. A few partially atrophied quarters 
were found that would not hold 400 ce. 
The classification of quarters by palpation 
before treatment, the number of treat- 
ments required to eliminate the strepto- 
cocci, and the effect of treatment upon the 
strip-cup test, the BCP test and palpation 
score are shown in table III. 

It will be observed that four quarters 
showing no fibrosis responded to one treat- 
ment and that one of these was firmer after 
treatment than before. Of eleven quarters 
having a palpation score of 2, eight re- 
sponded to one treatment, while three re- 
quired two treatments, and after recovery 
two of the eleven quarters had the same 
palpation score; six had become softer and 
were given a lower score, while three had 
become firmer and were regarded as hav- 
ing been partially injured by treatment. 
Of 20 quarters showing a distinct fibrosis, 
15 were cured by one treatment, three by 
two treatments, and two were pronounced 
incurable after three infusions had been 
made. Ten of these quarters showed no 


Udder Infusion 


Palpation score remained same afte 


PALPATION SCORE 03 
QUARTERS APTER 
PREATMENTT 


NUMBER OF 
QUARTERS 
PosItIvE TO 


NUMBER OF | 
QUARTERS 
PosITIVE TO 


Stripe Cur* BC P* 

No Im- 
B A B \ CHANGE | PROVED | Junep 
l 0 2 3 0 
l 0 3 2 2 6 ; 
5 0 12 11 10 6 
8 0 17 10 13 7 0 
15 0 34 26 28 19 8 


r treatment; Improved=quarters softer and mor 
s became firmer or partially atrophied after treat- 


change on palpation after treatment, six 
were softer and four became firmer. Of 
20 quarters exhibiting a marked firmness 
prior to treatment, eleven were cured by 
one infusion, six by two, one by three in- 
fusions, and two were pronounced incur- 
able after three treatments had been given. 
Thirteen of these quarters remained firm 
and seven became softer and were given 
a lower palpation score after treatment. 

Of the total of 55 quarters given treat- 
ment, S. agalactiae was eradicated from 38, 
or 69 per cent, by a single infusion; from 
12, or 21.8 per cent, by two infusions; and 
from one quarter, or 1.8 per cent, by three 
infusions. Four quarters, or 7.2 per cent, 
were pronounced incurable after three 
treatments had been given. On an indi- 
vidual cow basis, 30 animals, or 93.7 per 
cent, were freed of S. agalactiae by treat- 
ment with the modified-Steck method, 
while two cows, or 6.3 per cent, were re- 
moved from the herd as incurable. Fif- 
teen quarters, or 27.3 per cent, were 
positive to the strip-cup test prior to treat- 
ment and all became negative following 
treatment. Thirty-four quarters, or 71 per 
cent, were positive to the BCP test prior 
to treatment and, of this number, 26. or 
54 per cent, continued to produce alka ine 
milk after treatment for the remainde: of 
the lactation period. 

The BCP tests on the two dry cows are 
not included in the table since the { :id 
from dry udders is normally alkaline. ‘he 
effect of the infusions upon the uc ler 
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ti ues is indicated by comparison of pal- 
ym scores before and after treatment. 
Ty enty-eight quarters, or 50.9 per cent, 
were scored the same on palpation after 
tr-atment as before; 19 quarters, or 34.5 
per cent, were softer and more pliable 
treatment, while eight quarters, or 
14.5 per cent, developed either an increase 
in firmness or some atrophy after treat- 
ment and were, therefore, considered as 
having been injured. In the case of these 
latter quarters, it was found that they 
were small or partially atrophied before 
treatment and the infusion fluid had filled 
them tensely. It was concluded, therefore, 
that the volume of principal infusion 
should be lessened when treating that type 
of quarter. However, several of these cows 
have recently freshened again. From all 
indications, the injury was not permanent, 
for their udders are symmetrical and all 
quarters are functioning normally. 

In another herd, consisting of Holsteins 
having medium-size to large udders, in 
which the modified-Steck method is now be- 
ing used, it has been found that 400 cc. 
frequently is not sufficient to fill the cis- 
tern. In the majority of the cases, more 
than one treatment has been required to 
eliminate the streptococci. With these 
larger udders, the volume of principal in- 
fusion used in the repeat treatment has 
been increased to 600 and even 800 cc., de- 
pending upon the size of the udder, and it 
has been left in for ten instead of five 
minutes without producing any visible ill 
effects. The success of the modified-Steck 
method in herd H is attributed to the fact 
that the udders were not large and the 400 
ce. of principal infusion actually filled the 
cistern region. 

‘he benefits derived from treatment in 
hed H far outweigh any losses which may 
ha e resulted from a decrease in milk pro- 
du tion during the period of treatment or 
frm partial damage to some of the quar- 
te.s. By intensive treatment of all in- 
fe ed quarters, S. agalactiae was ap- 
pa: ently eradicated from the herd within 
a eriod of three months. Not a single 


ca‘: of mastitis has appeared during the 
fiv. month period which has elapsed since 


the herd was pronounced free from infec- 
tion with S. agalactiae. Thus, by means of 
the infusion therapy, a herd having a high 
incidence of infection with S. agalactiae 
has been rendered free within the space of 
a few months. To accomplish this end 
through a program of segregation and 
elimination of infected cows would require 
many months. 


CONCLUSIONS 


1) A 1:4,000 aqueous solution of trypa- 
flavin, as used in these experiments, was 
found to be too irritating to be employed 
with safety in the infusion therapy for 
streptococcic mastitis, even when left in 
the udder for only five minutes. 

2) A 1:10,000 aqueous solution of trypa- 
flavin is as efficient as a 1:4,000 concentra- 
tion in eradicating the mastitis strepto- 
cocci from udder tissues, and is much less 
irritating. With lactating cows, from 800 
to 1,200 cc. may be infused per quarter and 
left in for from five to 15 minutes with 
safety. In dry udders it may be left in 
overnight. 

3) The udder tissues have a marked 
capacity for retaining infused aqueous so- 
lutions. The efficiency of eliminating the 
streptococci and the degree of irritation 
are influenced by the amount of trypaflavin 
retained by the udder. Since the amount 
retained by individual quarters varies con- 
siderably, the results obtainable with aque- 
ous solutions of trypaflavin are unpredict- 
able. 

4) By using a hypertonic (20 per cent) 
sugar solution as a vehicle for the trypa- 
flavin, it is possible to milk out, after a 
lapse of from five to ten minutes, a volume 
of fluid equal to that infused in as high 
as 98 per cent of the cases. The sugar 
holds the fluid in the duct and cistern 
spaces and thus prevents its absorption by 
the tissues. 

5) By employing a hypertonic sugar 
solution as a vehicle, it is possible to use 
a much greater concentration of trypa- 
flavin without damaging the udder tissues, 


and in this manner the efficiency of the 
treatment is increased. 
6) The mastitis streptococci for the 
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most part localize in the gland cistern and 
associated large ducts. By treating the 
cistern region intensively with a 1:1,500 
concentration of trypaflavin in 20 per cent 
sucrose solution, as high as 69 per cent of 
quarters infected with Streptococcus aga- 
lactiae were cured by one infusion and as 
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high as 93 per cent by two infusions. 

7) Since the capacity of the cistern 
region of a quarter varies with udder size. 
it may be necessary to vary the. volume of 
fluid infused from the 400 cc. recommended 
by Steck in order to obtain maximum ef.- 
ficiency in elimination of the streptococci, 


Color Photography and Its Application to Veterinary Medicine 


NORMAN M. NELSON, D.V.M., M.S. 
East Lansing, Mich. 


THE FINDINGS of archaeologists indicate 
that visual education had its inception with 
early civilization as displayed by the in- 
scriptions and designs found in ancient 
caves and tombs. The hieroglyphics of the 
Egyptians demonstrate, as does this an- 
cient picture-writing, that these early pic- 
tures were used as a means of conveying 
information, either as a matter of record 
or of demonstration. 

With the comparatively recent develop- 
ment of precision 35 mm. cameras and 
compact, easily manipulated projectors, vis- 
ual demonstration of the most desirable 
type, viz., photography, has become acces- 
sible at moderate cost. Photography 
largely displaces models, charts and black- 
board drawings because of its accuracy and 
present day availability. In many scien- 
tific fields, not excluding veterinary medi- 
cine, monotone photographs have long 
served as a medium of instruction, record, 
analysis and identification. 

COLOR 

Today color, as in applied art, has in- 
conspicuously entered into every-day living. 
Aside from the esthetic attributes of 
color, its usefulness to science is generally 
accepted but not appreciated for its full 
value. Color patterns aid in the studies of 
inheritance, in the identification of speci- 
mens, in the interpretation of laboratory 
procedures, and in the diagnoses of disease. 
Combine modern color photography with 


*From the Regional Poultry Research Laboratory. 


the science of veterinary medicine and at 
once a new and constant source of demon- 
stration material is available. When color 
is added to form and motion (of motion 
pictures) education by visual perception 
in the form of projected images can be 
excelled only by viewing of the actual speci- 
mens. Add natural colors to the lantern 
slide pictures of a gross pathologic condi- 
tion or to a histologic section and at once 
the inadequacy of monotone pictures is ap- 
parent. 

Verbal descriptions from even the most 
fluent of public speakers produce a wide 
variety of mental impressions on different 
individuals. Interpretation of size, form, 
shape and color even when expressed with 
technical terminology is often confusing. 
In visual demonstrations the accuracy of 
the description is not dependent on the 
personality or mood of the speaker, and 
the range of mental impressions by the 
audience is narrowed. 

More important, however, is the evident 
dearth, in the lecture room, of specimens 
typical of the subject matter under discus- 
sion. At the present a case of generalized 
bovine tuberculosis, for example, is seldom 
available for demonstration purposes in 
the lecture room. Many diseases, import:nt 
to the veterinarian, are never seen uw) til 
the first field case is encountered. W ‘h 
present day photographic equipment t’ is 
awkward and undesirable situation is \n- 
necessary. Clinical and autopsy pho °- 
graphs, in natural color, of cases of inf. ¢- 
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is and sporadic maladies would greatly 
mulate new enthusiasm and interest in 

practitioner, laboratory worker, and 
ident, and incidentally in the instructor. 


| QUIPMENT AND METHODS 


Heretofore, the standard equipment for 
p.otography included the plate-back camera 
with extension bellows for close-up work, 
d a projector of massive proportions 
which used an arc light as the source of 
iiumination. The size, bulkiness and in- 
convenience of this equipment predisposed 
it to disuse even though slides may have 
been available for demonstration. While 
such equipment is excellent for its purpose 
it is at present not popular as a means of 
recording and demonstrating images in 
natural color due to the high cost of the 
color film in the large plate sizes. In pro- 
jection work, there is no necessity for a 
slide larger than 2”x2”, accommodating 
1’x1'4” transparencies as taken on the 
standard 35 mm. film. 

Are light projectors must be avoided in 
color film projection because they distort 
and fade the colors, and the colors and film 
are gradually destroyed by the intense heat. 
Depending largely upon the wattage of the 
incandescent lamp used in the projector, 
the 35 mm. film may be enlarged to theatre- 
size proportions on the screen should the 
size of the audience warrant such a pro- 
cedure. The present day projectors are so 
compact and small that they may be carried 
in the coat pocket. Kodachrome film, as 
processed by Eastman, is returned with 
transparencies in individual pasteboard 
mounts, but for permanency the transpar- 
encies should be mounted between 2”x2” 
(50 mm.) glass slides and bound with tape. 
If not subjected to excessive heat when 
prejected or while in storage these color 
transparencies will retain their brilliance 
for several years. While Dufaycolor film is 
av: ilable in roll form for use in any stand- 
arc size camera, the smaller, standardized 
siz» of 35 mm. film is recommended be- 
case of the low cost of materials. The 35 


mr. size is standard for projection equip- 


ment and a small amount of space is re- 
quired for storing the slides. 

A wide range of equipment is offered in 
35 mm. compact (so-called candid) cam- 
eras, the price being largely dependent 
upon the speed of the lens and the adapt- 
ability of the camera to accessory equip- 
ment. In the lower price range is an 
American-made camera popular because of 
the accessories available for close-up as well 
as photomicrography. well-known 
foreign made cameras, with their precision 
workmanship, wide adaptability and fast 
lenses, are widely used. One such 35 mm. 
camera combines the merits of the reflex- 
type viewing mechanism with delayed- 
shutter action up to 12 seconds. In any 
case, a focal-plane type of shutter is desir- 
able because it allows removal of the lens 
for introducing special equipment. A focal- 
plane shutter simulates a window shade 
pulled across the emulsion surface of the 
film. Extension tubes, when introduced 
between the focal plane and the lens, make 
possible photography at distances from 
30 down to 2% in. In the latter case the 
subject is natural size on the film. For ex- 
ample in demonstrating the eye lesions in 
avian lymphomatosis, a picture made at 
21% in., when projected 25 ft., yields a 
screen image of the eyeball 20 in. in diam- 
eter. For close-up work a ground glass 
focusing device is necessary for a critical 
focus on the subject. Two types are avail- 
able, either a sliding or a rotary stage; 
both are satisfactory. This stage is sup- 
ported on a vertical upright and may be 
raised or lowered for obtaining the de- 
sired proportions as viewed on the ground 
glass. 

A contrasting background which does 
not detract from the specimen is desirable, 
and for medical specimens black velvet 
cloth is suitable. Dark specimens may be 
photographed on a lighter background. A 
grayish blue flannel cloth provides an ex- 
cellent material for this purpose. A clear 
plate glass is used to support the specimens 
with the desired background under the 
glass. The glass is cleaned following each 
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exposure, as stained backgrounds are not 
desirable. 


EXPOSURE 


In distances as close as 18 in. the 
photo-electric light meter may be used 
to determine the correct time and size of 
diaphragm opening. However, for close 
work, that is from 18 down to 21% in., a 
larger diaphragm opening or a longer ex- 
posure is required. In exposing Koda- 
chrome A film, using two No. 2 photoflood 
lamps in reflectors as the light source, 
high-lights or reflections are evident when 
photographing the moist, glistening sur- 
faces of fresh specimens. Diffusing screens 
of tracing cloth will largely eliminate high- 
lights, as will also the polarizing filters 
now available. However, tracing cloth is 
somewhat bluish itself and is.therefore not 
particularly suitable for color photography, 
as it may distort the natural color. Beaded 
glass as used in dgoxg i$ also satisfactory 
for diffusing the light rays. In this con- 
™ nection it Ys considered good practice to 
use the lens shade (sun shade) to prevent 
stray light from directly entering the lens 
of the camera. 

In photographing specimens under water 
for the purpose of avoiding high-lights, the 
freesblood of fresh tissue specimens im- 
pats a reddish tinge to the water and it 
thetefore qay not be practical. Also, the 
refraction of light rays causes the image 
to appear flat, thus losing perspective. In 
general it should be stated that the smaller 
diaphragm opening used the greater will 
be the depth of focus, and the more pro- 
nounced the three-dimensional effect. 


— 


In setting up photographic equipment a 
dustproof room is desirable although not a 
necessity. Since artificial illumination is 
used for most consistent results, there 
should be a minimum of natural daylight 
entering the room. Kodachrome Type A 
film is adjusted to photoflood light and 
daylight causes predominance of blue in 
this film. 

A practical filing and indexing system 
has been described by Lamoreaux.' It 
furnishes a means of indexing by a cross 
system as to subject matter. A 3x5” in- 
dex card should be made for each slide 
giving the picture number, specimen nun- 
ber, subject title, and a brief case history 
and description of the morbid anatomy. 
The reverse of the card may carry the data 
concerning exposure factors as distance, 


“%peed, diaphragm opening, light intensity 


and equipment used. By such a record it 
is possible to obtain correct exposures at 
close distances by referring to correctly 
exposed pictures and tabulating the data. 


CONCLUSIONS 


Color photography, especially of path- 
ologic changes, creates new enthusiasm 
when used in the classroom and forms an 
accurate and accessible means of instruc- 
tion and demonstration. Color photo- 
graphs are a distinct advancement over the 
monotone pictures in that they display 
color for comparative and_ diagnostic 
studies. The slides are relatively inexpen- 
sive and easy to file. 


i1Lamoreaux, W. F.: A system of indexing 2”x2" 
slides. Sci., Ixxxix (1939), pp. 567-568. 
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